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MATPUYHI METOJIA TA BUKJIAJAHHS OCHOB MEXAHIKH PIIUHU
M T'A3Y B 3AKJIAJIAX BUIIIOI OCBITH

Binosoa O. B.
XapkiBcbKHil HAIlIOHAJbHUI ABTOMOOIJILHO-10POKHiNl YHiBepcUTeT

Anomauin. Buxopucmanus yHi6epCcaibHUX 3aKOHI8 RPUPOOU SIK OCHOBU MA MAMPULHO2O POPMATIZMY
K Memo0y OMPUMAHHS NPUHYUNLIE MEXAHIKU 00360JI5€ 3ACMOCY8AmuU GiOMIHHI 610 MPAOUYIIHUX Nio-
X00U 00 MEMOOUKU GUKIAOAHHS OCHOBHUX NOHSAMb, KOHYENYill I NPUHYUNIG MEXaHiKu piounu i 2asy.
3anpononosanuii nioxio UKOPUCMOBYE MOOeTb CYYLIbHO20 CEPed0BUIYA, Ale 8PAX0BYE U020 GHYMPI-
WIHIO OUHAMIKY Yepe3 npoyedypy 320pmanHts 6azamosuUMIpHO20 paz06020 NPOCmMopy.

Knrouoei cnosa: memoouka 6ukiadants Mexanixu piounu i easzy, pieHAHHSI OANAHCY KITbKOCMI PYXY,

MAmpuyHi Memoou, KAHOHIUHI PiGHAHMSL.

Beryn

Po3BUTOK CcydacHUX MiAXOIIB J0 BUKJIaJaH-
HS (i3MKO-MaTEeMATUYHHUX JUCIUIUTIH Y 3aKia-
JlaX BUIIOI OCBITH Ma€ TMEBHI MPUHIIMIIOBI TCH-
JeHIlii. BoHM TSOKIFOTH 110 MiJBUIICHHS PIBHS
(hopmarizariii, o, mMo-mepie, € BAKINBAM YHH-
HUKOM 17151 ()OpMYITIOBaHHSI 1 OTPHMAaHHS 3ara-
JHHUX 3aKOHIB 3 YHIBEPCAIbHUX 3aKOHIB TpH-
pomu; TO-Apyre, MO3BOJIIOTH 3aCTOCYBaHHS
CIUTBHHX MiIXOMIB O CHHTE3Y CKJIAJHUX MeXa-
HI3MIB 1 TpOlIECiB, SKi MarOTh Pi3HY (Ii3UUHY
OCHOBY; TIO-TPETE, OPTaHIYHO TMOETHYIOTh Hay-
KOBY W iH)KEHEpHY IisIIbHOCTI MaiOyTHIX (axi-
BIIIB, 1110 Ma€ Oe3MOCepe/IHil 3B’A30K 3 BUKOPH-
CTaHHSM KOMIT FOTEPHUX TEXHOJOTIH 1 MTy4YHO-
TO IHTEJEKTY.

®dopmaizarist nependadac BUKOPUCTAHHS i
BJIOCKOHAJICHHSI MaTPUYHUX METOJIIB, SIKi € He-
00XiTHIM €JIeMEHTOM MaTeMaTHIHOTO MOJEIO-
BaHHS (DI3MYHUX SABHIN y OaraTOBHUMIpHUX abo
HaBITh  HECKIHYCHHOBUMIPDHHUX  IPOCTOpPaXx.
3a I0TOMOI0I0 MAaTPUYHUX METOJIB ITiBHUIIY-
€TbCS piBEHb a0CTPAKTHOTO MHUCJICHHSI.

[lig yac BUBYEHHSI MEXaHIKH PiAMHU i ra3y B
TEXHIYHUX 3aKJIaJaX BHIIOi OCBITH MEPEBAKHO
BUKOPUCTOBYIOTH MOJEJi CYLUIBHOTO Cepeno-
BUIIa 3 BUKOPHCTAaHHAM 3BHYHUX KIACHYHUX
MOHATH KUTBKOCTI pyXy, CHJIM Ta Hampy>KeHHS,
SK1 3aIUCYIOThCSI Y BEKTOPHOMY 1 TEH30PHOMY
Burisaai. Takull miaxig 3 popMabHO MaTeMaTH-
YHOTO TIOTJISIIy HE BPaxOBYE OCOOIUBOCTI MO-
JICKYJIApHOi OynoBHM cepenopumia. KiHeTuuHa
Teopis, sika moOyxoBaHa Ha Teopil WMOBipHOC-
Tell Ta MaTeMaTHYHIH CTAaTHUCTHIU, CKJIagHIIIA
IUISL CTIPUUAHATTA HW OOMEXKye BHKOPHUCTAHHS
MaTpUYHUX METOHiB. Y pPOOOTI MPONOHYETHCA
BpPaxOBYBAaTH MOJICKYJSIpHY OYyZOBY CepelioBH-
Ia Yyepe3 3ropTaHHsA OaraToBHMipHOro (a3oBo-
TO MPOCTOPY MEXaHIYHOI CHCTEMH, SIKOIO € Jac-

TKa cepeloBUIIa, y (a30BUH MPOCTIP YACTKH SIK
MaTepiabHOI TOUKH.

V mporieci OTpUMaHHS PIBHIHDb PYXY PiTUHU
i razy 3 KaHOHIYHHX DIBHSHb MEXaHiKH, a Ta-
KOX PIBHSIHb 0aJIaHCY KIJBKOCTI PyXy OCHOBOO
€ YyHIBEepcambHHI 3aKOH 30epekeHHs Mmarepii,
SIKUI O TIOIIMPIOETHCS Ha CyOCTaHIii B abcTpak-
THUX 0araTOBHUMIpHHX IpPOCTOpax 0e3 oOMme-
JKeHb Ha 1XHi BIaCTUBOCTI.

[linumienHs piBHA aOcTpakmii y 3B’A3Ky 3
pPO3BUTKOM  (Di3MKO-MaTeMaTHYHUX  METO/IIB,
piBHS IXHBOT'O BUKJIAJAQHHS B TEXHIYHHX 3aKia-
JlaX BUIIOI OCBITH Ha CHOTO/HI € OijbIe mepe-
Barolo, HK HEJOJIKOM Yepe3 3acTOCYBaHHS
MaTeMaTHYHOTO MOJICTFOBAHHS JJIsl PO3B’ sI3aHHS
CKIIQJIHAX IHKEeHepHUX 3anad. AOcTpakTHi 00-
pasu (Qi3UYHAX TPOIECIB € CIIIBHOI PHCOI0
JIOJICKKOTO Ta IITYYHOTO iHTEJEKTiB, yCBiJJOM-
JICHHS IHOTO TiJIBUIIY€E e(pEeKTUBHICTh BUKOPHC-
TaHHS OCTaHHBOTO. BayKIIMBUM elIeMEHTOM B3a-
€MOIi 31 WITyYHHM IHTENEKTOM € MaTPUYHHUIA
(dhopMai3m sik MoBa 00pasis.

AHaJi3 myOmikamnii

3arajgbHONPUHAHATHE MiIX1 10 BHUKIIAIAHHS
MEXaHIKH PIIMHHA W Ta3y B TEXHIYHHX 3aKJIaJax
BUIIOI OCBITH Tependayae BUKOPHCTAHHS Pi3-
HOMAHITHUX I1HTErpAIbHUX (PIBHSHHS OajaHCy
NEeBHOT cyOcTaHIlii y (i3MIHOMY TPUBUMIPHOMY
npocTtopi) Ta JOUQEepeHLiaIbHUX MPUHLMIIIB
MexaHiku [4, 6].

SIK OCHOBY BUKOPHCTOBYIOTH MOJEIb CY-
LIIBHOTO CEPEeOBUIIA, sIKa HE BPAaXxOBY€E BHYT-
PIlIHIO MIKpOCKOMiuHYy OyIOBY HOro OKpEeMHX
JaCTOK. 3IiHICHEHHSI BEKTOPHOTO Ta TCH30PHOTO
aHaJi3iB JI03BOJISIE OTPUMATH iHBapiaHTHE PiB-
HsHHA pyXy [1, 3]. BrumB mikpockomiunux ¢a-
KTOPiB BPaXxOBYETHCS BUKOPUCTAHHSIM EMITipHY-
HUX a00 HamiBeMITipUIHUX (POpMYIL.
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IcHye MOXITMBICTH TIEPEUTH Bill JUCKPETHOL
MOJICTl CHCTEM MaTepialbHUX TOYOK, B SKIi
31e01IBIIIOr0 BUKOPUCTOBYIOTHCS OaraToOBUMip-
Hi CHCTeMH KOOpAUHAT (IIPOCTip KOH(ITyparii i
(hazoBuil MpoCTip), 10 MOJECII CYIIIBHOTO cepe-
JOBUIIA Yy BUTJISAl, HaAmNpHUKIaj, aOCTPakTHOI
¢azoBoi piguan. DYHKIIO PO3MOILTY BipOTia-
HOCTI TOIIYKY CHCTEMH B TEBHil o0iacTi Bif-
MOBITHOTO MPOCTOPY uepe3 BiACYTHICTH oOMe-
JK€Hb Ha KIUIBKICTh TaKMX CHCTEM MOJKHA PO3T-
TSAATH K TYCTHHY IIi€i pianau [2,5].

VYHiBepcaabHI 3aKOHH TTPUPOJIHU, 30KpeMa 3a-
KOH 30epeXeHHsT Marepii, MO)KHa BHKOPHCTO-
ByBaTH B aOCTpaKTHHX MPOCTOpaxX IS aHATI3y
PYXY CYIIJIBHOTO cepeoBuIna 6e3 0OMEeKeHb Ha
HOro BIACTHBOCTI Ta Ha BHOIp cyOcTaHIIi sK
pizHOBHIY Matepii [1].

BukopucTaHHS MAaTPUYHOTO amapaTy J03BO-
Jsie 3MIHCHUTH TPOLENypy 3ropTaHHs OaraTo-
BAMIPHOTO TIPOCTOPY B TPUBUMIpHHAN (i3HUHUIHA
MPOCTIp 1 BU3HAYUTH MEXaHI3MH BIUIUBY BHYT-
pIlIHBOT TUHAMIKK YacTKH CepeloBHUINAa Ha Il
MaKpOCKOIIYHUH pyX [2].

MeTta Ta N0CTAaHOBKA 3aBIaHHSA

Merta 1IbOT0 OCHTIPKEHHS TIOJISATAa€E Y BUBYCH-
Hi i OOTPYHTYBaHHI IlepeBar MaTPUIHUX METOJIB
Ul OTPUMAHHS PiBHSHB PYXy piaumHM i razy 3
KaHOHIYHHMX PIBHSHb MEXaHIKH 4Yepe3 BHUKOPHUC-
TaHHS MOJIEJi CYIIIFHOTO cepenoBuIia y ¢a3o-
BOMy Ta (i3uuHOMY mpocTopax. JlocmimkeHHs
CTIpsIMOBaHE Ha JIEMOHCTPAIIIIO 3B’SI3KY MiXK BHY-
TPIIIHIM MIKPOCKOIYHUM 1 MaKPOCKOMIYHUM
PYXOM piivH i ra3iB, a TAKOXX BH3HAYEHHS MOX-
JMBOCTEH MAaTpUYHOrO (GOpMaITiZMy IIOJIO0 MO-
JIETIIOBAHHS Ta BHUKOPHCTaHHS KOMITIOTEPHHX
3aco0iB.

MeTo1010ri4HO0 OCHOBOIO [UIsi BUOOpPY Mart-
PUYHMX METO/IB € 3aCTOCYBaHHS TEH30PHOTO
aHaJi3y Ta HOro ysarajJbHEHb JJIsI MOJACTIOBAHHS
pPyXy piauH i rasziB y ¢izuuHomy Ta (azoBoMy
npocTOpax.

OCHOBHUM 3aBJ]aHHSIM € 3aCTOCYBaHHSI Mar-
puyHOro (hopmaiizMmy Ui OTPUMAHHS CHUCTEMH
PIBHSIHBb PYXY PIAMHM # ra3y 3 KaHOHIUYHHMX piB-
HSIHb MEXaHIKM Ta 3aKOHY 30epeXeHHsI marepii,
TOOTO PiBHAHBL OaJaHCy KUTBKOCTI pyXy. PiBHAH-
Hs1 GaNaHcy, sKe MICTHTb TyCTUHY cyoOcranmii f
B 00’eMi yacTku cepenosuia V , motik cyocra-
Hiii F B310BX MOBepXHi yacTKu S, a TakOXK
IHTEHCUBHICTh JUKepena cyOcTaHiii |, Moke
pO3IIIsAATHCS B Pi3HUX KOHTEKCTaX, 3aJIEKHO Bi
BUOOPY MPOCTOPY Ta XapaKTEPUCTHUK CEPEIOBU-
ma:

g% [ fdv |=[Fds+] jav.
\Y S \

JliBa gacTrHa piBHAHHSA BH3HAYAE IIBUIKICTH
3MiHM KIUIBKOCTI TEBHOI cyOcTaHmii B 00 eMi
yacTku cepepoBumia. Ll 3MiHa BimOyBaeTbes
BHACIIZIOK TIPUTOKY CyOCTaHIlii 4depe3 CIUTbHY
TPaHUII0 00’€My Ta 30BHIIIHBOTO OTOYEHHS a0
HaJIXOJDKEHHS 3 BHYTpilIHIX mxepen. Konkper-
HUM 3MICT TOTOKY W IHTEHCHBHOCTI DKepelna
BpaxoBye (hi3u4HI 0COOIUBOCTI MOJIeNi ¥ iHBapi-
AQHTHUI THI PiBHSHb.

Matpuunuii popmainism i
PIBHSIHHA PyXY CyIIJILHOTO cepe0BUILA

CkopucraeMocsi TiepeBaraMi MOJAENi CYIIUThb-
HOTO cepenoBuIa. TpaauiiifHO MOILIIMO Ccepe-
JIOBUIIIC HA HECKIHYCHHO Malli 00'eMHu, aie Oyne-
MO MaTH Ha yBa3i, [0 KOKHA TakKa YacTKa CKJIa-
JTAETHCS 3 MaTepiajJbHUX TOYOK (MOJEKYH). 3B's-
30K MiXK ITOJIOKCHHSIMH YacCTOK CEpEelOBHIINA Ta
MaTepiaJ'H)HI/IMI/I TOYKaMH, 3 IKHX BOHH CKJIaJa-
I0ThCS, MOXKHA 3aIIMCaTu TaK:

r=r(q,t),

ne I' — paziyc-BeKTOp y TPOCTOpi KOHQIry-
pamiif cucreMm TOYOK, a (] — pajiyc-BEeKTOp
[IEHTPa Mac YaCTKH.

Bennunna vacy HasBHa y (Gopmyii uepes
cTatucTH4HI (IIyKTYyalii (BUMAJKOBi BiJIXHICH-
HsI) TIOJIO’KEHb OKPEMHX TOUOK CHCTEMH.

VY3araipHeHU IMITYJIbC YaCTKH MOYKHA 3alld-
cartu siK

p=Gga+p’
JIe MATPHIIS
or ., or
G=—M—=ml+G"
aq o
Cxuamosa Ml, ne | — oaunuyna matpuus,

110 BIJTIOBIZa€ PyXy YaCTKH SK €MHOTO IIJIOTO,
a ckmagopa G’ Bignopimae ii BHyTpimHBOMY
PYXy, TOOTO pyXy MaTepiaJbHUX TOYOK Y CyIyT-
HIf cHCTeMi KOOPJMHAT, TOB’SI3aHil 13 IIEHTPOM
Mac. Yepes HEBEIUKY YacTKy OCTaHHBOI CKJIa/l0-
BOi MU He OyZeMo il BUKOPHCTOBYBATH.

CkJagoBa y3arajJbHEHOTO IMITYJIBCY YacTKH,
sIKa BPAaXOBY€ CTATHCTUYHI BIAXWICHHS B pyci
MaTepiaIbHUX TOYOK, BH3HAYAETHCS 3a (hopmy-
JIO10
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BignocHa mBUIKICTE

, orMar
U=

oqm oot

PiBHSIHHS pyXy YaCTKU I'yCTHHOIO L Yy IpOC-

TOpi KOHQIrypauiii Mo>kHa OTprUMaTH Oe3mocepe-
JTHBO 3 KAHOHIYHUX PIBHIHL MEXaHIKA

. OH

Q—E7
. OH
p——a-

®ynkiis [[aMibTOHA CKIIATAETHCS 3 KIHETHY-
HOI 1 TIOTEHIIANBHOI €Heprii YacTKU 1 Mae Takuit
3arajJilbHUA BUTTISI.

H :%(p_a)G‘l(p—a)+mV (a,t).

ITicyis BHECEHHS BIAIMOBITHUX BEJIMUUH OTPH-
MY€EMO PiBHSHHS

) oV o
pu=—p—-pU,
aq

e U=( — mBuaKicTh YacTku, a V — muromuit

(3 po3paxyHKy Ha OJJUHHUITIO MacH) ITOTEHITiaJ.
SIKIo BBa)KaTH MOTEHIIAN CKAJISIPHUM TIOJIEM

V =V (I’), a IIBHIKICTh YaCTOK CEPEIOBMIIA

BEKTOpHUM 1oieM U =U (I’,t) , TO OCTaHHE CTa€

PIBHSHHSIM PYXY CEpPEIOBHIIIA.

I'yctuHa sik 1ekepesto rpasiTamii

Cxanspuuii motemian V MOXHa BBaKaTH
¢byHnamMeHTaabHUM, 00 BiH 3 SBISETHCS TPUPO-
HUM CIIOCOOOM TMijJi 4ac OTPUMAaHHsS PpiBHSIHbB
pyxy. Bapro 3a3HaunTH, 10 Y BUNAJKY CYIIiJIb-
HOIO cepezioBuina (YHKIO O03HAKM MaTepialib-
HOCTI 3/1i}iCHIO€ TYCTUHA O , BOHA Ha BIJIMiHY Bifl
HECKIHUEHHO MaJIOI MAacu YacTOK € KiHIIEBOIO
BEJIMYMHOKD 1 MIiAMOPSIKOBYEThCS —PIBHSHHIO
HEPO3PUBHOCTI, SIKE BUPAKAE 3aKOH 30€peKEeHHS
MacH sK aud)epeHIiiaibHe:

BiamoBigHo 10 MBOTO TYCTHHY MOKHA BBaKa-
TH 3apsioM abo JokepesioM (yHIaMEHTAIbHOT
B3a€MO/I11, TOOTO

0
ZF-4rfp=0,
. nfp

A€ BCKTOpP IOTOKY, SIKMH MOXKHa YTBOPUTU 3a
JOIIOMOI'OO I‘paI[i('ZHTa, € IIUTOMOIO CHJIOHO.

Fo-2
or

TakuM 4YHMHOM, SIKIIO TOYKA 3HAXOMUTLCA B
Cepe/IOBUIN, I'paBiTAlliiHUA TOTEHINIA 3aJI0BO-
TbHsIE piBHSAHHIO [lyaccoHa:

AV 4z f p=0,

ne A=| — | — omeparop Jlammaca, a f —
or

neBHa (yHIaMeHTalbHa cTana. BignmosigHo O

PIBHSHHS, I8 CTaJla € TPaBITAIIIHOO.

Matpuunuii ¢popmasnizm i piBHSIHHSA
0ajiaHCy KiJIbKOCTI PyXy CyUiJIbHOIO
cepeoBHINA
PosrisiHeMo piBHSHHS OallaHCy KiNBKOCTI py-
Xy CYLUJIBHOTO CEPEAOBHIIA 3 OIJISy Ha PiBHSAH-
HSl HEPO3PHBHOCTI:

0 :
U=—P+],
P ar J

Jie TIOTIiK KUTBKOCTI pyXy P HasmBaeThcs TeH30-
POM Harpy>KeHb.

SIKIO MOPIBHATH MpaBi YaCTWHH PiBHSHB Oa-
JIAHCY KUIBKOCTI pyXy Ta piBHSHHS PyXy cepelo-
BUILA, TO CTAa€ 3pO3YMUIMM, IO IHTEHCHBHICTb
JoKepena

: oV

J:_ E!

a JIMBEpreHIlis TeH30pa HalpyXeHb a00 MPUILIUB
KIJIBKOCTI PyXy [0 YacTKH CYLUIBHOTO CEpeno-
BUIIIA 3IACHIOETHCS Yepe3 3MiHy (QyHKIT pos-
MOJIUTY CTATHCTHYHHX BIIXWJICHB 1, BiJIMOBIITHO,
KiJIBKOCTI CHIBBiJHOCHOT'O PyXy Ha MiKPOCKOIiY-
HOMY piBHI:

5
Op_
ar P
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TeH30p HaIPyKEHb Ma€ i IOPSKOBYBATUCS
yMOBaM KOBapiaHTHOCTI Ta CKJIQJaTUCS 3 J00YT-
Ky CKalsipa Ha TEH30p 1 TEH30PHOTO IOOYTKY
JTIBOX BEKTOPIB.

Bynemo BBakaTu i30TpONHE cepeoBUILE ie-
AIBHUM, SIKIIO TEH30p HANPYXECHb BU3HAUAETHCS
gepe3 OMUHUIHHUHA TEH30p, TOOTO

P=—npl,

ne P — ckamsipHa QyHKIIS, 10 Ma€ PO3MIPHICT
CHJIY, SIKa i€ Ha OQUHULIO IwIom. Taki Beau4u-
HU Ha3WBAIOTh HANPYKECHHSMH, a CUITH, SKi BOHH
BU3HAYAIOTh, MOBEepXHEBUMHU. OTKE, OTPUMYEMO
PIBHSIHHSA PyXY 1/1ealibHOT PiJIHHU:

P
or or
Kpim TOoro, 3a  ¢opmymoro Iayca-

OcTporpaacbkoro OTPUMY€EMO PiBHAHHS

[

P _

or v
ne U — o0’eM gyacTku. [HTErpan B310BX MOBEpX-
Hi 9aCTKHM MOYKHA PO3TIISAATH SK PIBHOJIIOTY CHII
THCKY, CIIPSIMOBAHHX B3/I0BX HOpPMAJIi JI0 ITOBEp-
XHi, a JIIBY YACTUHY PIBHAHHS SIK PiBHO/IIOMY, 1110
JIi€ HA OJIMHULIIO 00’ €EMY CEpeIOBHIIA.

JloTnuHi Hampy>XeHHs Tak caMO TIOB’Si3aHi 3
HEPIBHOMIPHICTIO PO3MOALTY HIBUAKOCTEH, TOOTO
TEH30p HamNpyKeHb MOBUHEH MaTH CKJIAJIOBY, 11O
3aJICKUTh BiJl BEKTOpa MIBUIKOCTI Ta BEKTOpa

rpagieHTa. HaiiOinpm 3aragpbHUN BUA  IHOTO
3B’S3KY  BIINOBIZIA€  y3araJlbHEHOMY 3aKOHY
Hrrotona:

0 ou
P=|-p+{—u|l+u—,
P éfar ‘lar

Je 4 — AVHAMIYHWE KoeQilieHT B’S3KOCTi, a
¢ —xoedilieHT 00’ €MHOI B’I3KOCTI.

Otxe, pIBHSHHS PYXy peajibHOro (B’SI3KOTO)
CEepeIoBHINA MOXKHA 3aITUCATH TaK:

N 1op (8 o(0

U=———-——+v|— | U+n—| —u
or por or or\ or

Jie KIHEeMaTHYHUN KOS(IIIEHT B’ I3KOCTI

a KiHeMaTUYHHUH KoedilieHT 00’ eMHOT B’ SI3KOCTI

+

V= HTe g .
Yo

BucHoBKkH

BuzHaueHo, 1110 MaTpUYHUNM METOJ, SIKMH y II0-
nepenHix podotax [1, 2, 3] OyB 3acTocoBaHUil 10
KJTACHYHOI 1 PEIATHBICTCHKOI MEXaHIKH, JO3BOJISIE
BpaxyBaTH MOJICKYIISIpHY OyJIOBY cepeloBHIIA
4yepe3 3ropTaHHs OaraTOBUMipHOTO (pa3oBoro
IPOCTOPY MEXaHIYHOI CHCTEMH, KOO € JacTKa
CepelloBHUINA, i CKOPHCTATUCH UM ISl OTpH-
MaHHS PiBHSHb PYXY PiIMHU i ra3y 3 KAHOHIYHHX
PIBHSHB KJIACHYHOI MEXaHIK{ Ta PiBHSIHb OaslaHCy
KLTBKOCTI PyXy CepeIOBHIIA.

[NoeaHaHHsT KAHOHIYHMX PIBHSHB SIK PE3yJIbTaTy
3aCTOCYBaHHS 3aKOHY 30€peKeHHsI MaTepil y BH-
TSIl PiBHSHHS OanaHcy y (azoBOMy IMPOCTOpi Ta
PIBHSHHS OalaHCy KUIBKOCTI PyXy Yy (i3MdHOMY
MPOCTOPi TO3BOJISIE BU3HAUMTH 3B’ 30K MK MaKpo-
CKOIYHUM 1 MIKPOCKOIIIYHIM pPyXaMH CepelOBH-
ma, a TaKOXX MaTeMaTH4Hy CTPYKTYpY PpiBHSHb
PYXy piIuHu i rasy.

3anporoHOBaHM METO/ JIO3BOJISIE B MEKax
CTaHJIAPTHOI JJIsl TEXHIYHUX 3aKJIaJ[iB BHUIIIOI OCBITH
MaTeMaTUYHOI IMiArOTOBKH €()eKTHUBHO (opMatiy-
BaTH PIBHSHHS PyXy PIMHH 1 Ta3y Ta 3armicarH ix
K 1HBapiaHTHI. 3 OISy HA IHBapiaHTHICTH MOXKHA
OTpUMAaTH K (pyHIaMEHTAIBHI 3aKOHU (3aKOH BCe-
CBITHBOTO TSDKIHHS), TaK 1 YaCTKOBI (y3arajibHEeHHUI
3akoH HetoToHa).
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Matrix methods and teaching the fundamentals of
fluid and gas mechanics in higher education insti-
tutions

Abstract. Problem. The instruction of physical and
mathematical disciplines in higher education institu-
tions employing cutting-edge methods and universal
approaches, which seamlessly integrate scientific
and engineering activities of future specialists, re-
mains one of the pertinent and priority tasks.
The utilization of multidimensional or even infinite-
dimensional spaces has become an effective and
nearly indispensable tool in mathematical modeling
of physical phenomena. This circumstance is directly
linked to the increasing level of abstraction and the
refinement of mathematical methods. The use of
geometric methods inherent in vector algebra and
vector analysis as the foundation for studying me-
chanics, despite their illustrative nature, is losing its
relevance. Methods built upon matrix formalism are
evolving as substitutes. The matrix framework ena-
bles the exploitation of phase space advantages to
derive canonical equations of motion for continuous
media and electromagnetic field equations in covari-
ant forms. The electromagnetic potential acquires
mechanical significance, allowing the utilization of

electromechanical analogies at a fundamental level
rather than on a merely formal basis, as done in
classical electrodynamics. Goal. The aim of this
research is to study and justify the advantages of
matrix methods for deriving equations of motion for
fluids and gases from the canonical equations of
mechanics by utilizing a continuum model in phase
and physical space. The research is directed towards
demonstrating the connection between the internal
microscopic and macroscopic motion of fluids and
gases, as well as highlighting the potential of matrix
formalism both in terms of modeling and the utiliza-
tion of computational tools. Methodology. The meth-
odological basis for selecting matrix methods lies in
the application of tensor analysis and its generaliza-
tions for modeling the motion of fluids and gases in
physical and phase space. Results. It has been
demonstrated that the matrix method, previously
applied to classical and relativistic mechanics, al-
lows for the consideration of the molecular structure
of the environment by folding the multidimensional
phase space of the mechanical system, represented
by a particle of the medium, and thereby deriving
equations of motion for fluids and gases from the
canonical equations of classical mechanics and the
equations of momentum balance of the medium.
Originality. The combination of canonical equations
as a result of applying the conservation law of matter
in the form of balance equations in phase space and
momentum balance equations in physical space al-
lows for elucidating the relationship between macro-
scopic and microscopic motions of the medium, as
well as the mathematical structure of the equations of
motion for fluids and gases. Practical value. The
proposed method allows, while remaining within the
standard mathematical training offered by technical
educational institutions, to effectively formalize the
equations of motion for fluids and gases and provide
them with an invariant form. By guiding oneself
through invariance, both fundamental laws (such as
the law of universal gravitation) and partial laws
(the generalized Newton's law) can be obtained.

Key words: method of teaching liquid and gas
mechanics, equations of motion balance, matrix
methods, canonical equations.
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