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B craTbe paccMaTpuBalOTCs YIPYrue NOTeHUMAIBI M ONPEneIsIIole YpaBHEHUSI MEXaHU -
KU aHW3O0TPOITHBIX MUKPOIIOJISIPHBIX TeJI, KWHEMaTHKa KOTOPBIX MOXKeT ObITh 3aJaHa IBY-
MsI He3aBUCMMbIMU BEKTOPHBIMHU TTOJIIMU: KOHTPaBAPUAHTHBIM MOJIEM TPAHCISILIMOHHBIX
nepeMeleHU 1 KOHTpaBapUaHTHBIM TMICEBIOBEKTOPBIM MOJIEM MUKPOIMIOBOPOTOB Beca + 1.
KBanpaTuuHblii MOTeHLIMAT HATIPSIKEHWM TIPEICTaBIEH C MOMOILBIO TPEX OINpPeAeIsIONINX
TEH30pPOB YETBEPTOIO paHra, IBa M3 KOTOPBIX MMEIOT TMCEBIOTEH30PHYIO TIPUPOLY U UM
MOXHO mpumucaTh Beca —2 u —1. Takoe Te10 MOJHOCTBIO 3amaeTcs 171-M MUKPOIIOJSIp-
HBIM YIIpyTuM MomyJieM. OCHOBHOE BHUMaHNe C(pOKYCUPOBaHO HAa MOEIM TEMUTPOITHOTO
(IOJIYM30TPOITHOTO, IEMUTPOITHOTO) MUKPOIOJISIPHOTO YIPYroro Teja, XapakTepu3ylonie-
rocsl AEBATHIO ONPEAC/ISIIOIIUMU TTOCTOSTHHBIMU. KOMITOHEHTBI ONpeaeIsiioNiero rnceBno-
TeH30pa Beca — 1 OKa3bIBAIOTCS YYBCTBUTEIBHBIMU K TTPe0Opa30BaHUSIM 3epKAIBHOTO OT-
paxeHus1 B TpexMepHOM TIpocTpaHcTBe. MccnenoBaHa cBoeoOpasHasi ajredpauveckast
CTPYKTYpa OINpPEeACISIIOIINX TEH30POB FEMUTPOITHOTO TeJia, TOYHee, X aOCOTIOTHBIX aHa-
JIOTOB, TIONYYAIOIIUXCSI YMHOXEHMEM Ha IIeJible CTeTIeHU TICEBIOCKAISIPHON EIWHUIIBI.
IMokazaHo, YTO yKa3aHHbIE TEH30Pbl BCEIa MOTYT ObITh CKOHCTPYMPOBAHbI U3 U30MEPOB
(M30Mepa) TeH30pa C MOCTOSIHHBIMUA KOMIIOHEHTaMM (BOOOIIE He YYBCTBUTEILHOTO HU K
KaKUM IpeoOpa3zoBaHMUsIM KOOPAMHATHOMN CUCTEMBbI) M OMHOTO TOTIOJTHUTEILHOTO TeH30pa
YETBEPTOIO paHra, CKOHCTPyMPOBAHHOTO, B CBOIO OUepellb, U3 KOMIIOHEHT METPUYECKOTO
TeH30pa.

Kntouegnle cnoea: MUKPOTIONSIPHOE TEJIO, TIOTEHIIMA HAMIPSIXKEHU A, MTOJYU30TPOITHOE TEJO,
ONpeAeSIIOLINUI TEH30D, 3epKaJIbHOE OTpaxkeHue, U3oMep
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1. IlpenBapuTebHble CBEJACHUS M BBOIHbIE 3aMedaHusa. B TeopeTrueckoM TuiaHe KMHeMa-
TUKA MUKPOTIOJISIPHOTO KOHTHHYYMa OCHOBaHa Ha TpeX OCHOBHBIX pe3y/ibTaTax, KacalolnX-

cs epeMelleHN T aOCOIOTHO TBEPABIX TENI B TPEXMEPHOM MPOCTPAHCTBE.

B 1776 1. Ditnepom (L. Euler) 6bu1a ycTaHOBJEHA 3HAMEHUTAsI TeOpeMa O MepeMelleHUr
abCOJIIOTHO TBEPOTO TeJjia C OMHOM 3aKperyieHHOM Toukoii [1, c. 104]: mpousBoJibHOE Mepe-
MellleHre abCOTIOTHO TBEPIOTO Tejla C 3aKPEIUIEHHOM TOYKO MpeacTaBiseT cOO0M KOHed-
HBI ITOBOPOT OTHOCUTEILHO OCH, MPOXOISIICH yepe3 TouKy 3akperuieHus. B 1830 r. 1lla-
neM (M. Chasles) OblIa JoKa3aHa ClIeAylollasi TeopeMa: caMmoe olIiee mepeMeIeHue TBep-
JIOTO TeJla B IPOCTPAHCTBE CKJIAAbIBACTCS U3 TTOCTYIATEIbHOTO TepeMEIeHYsI, TIPU KOTOPOM
MPOU3BOJILHO BBIOPAaHHBII MOTIOC TIepeMelaeTCsl U3 CBOEro MepBOHAYATILHOTO TTOJIOKEHUS
B KOHEYHOE, ¥ KOHEYHOTO TOBOPOTAa OTHOCUTEIbHO HEKOTOPOW OCH, TIPOXOJSIeit uyepes
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stor nomoc'. HakoHew BuHTOBast reopema Mo (G. Mozzi, 1763) — Komm—IHans (npu-
nuceiBaemas B [1, c. 109] Ilanto, HECMOTps1 Ha UMeIOIIMECs OoJiee paHHUE T0Ka3aTeIbCTBa,
naHHble Mouuu u Kouin) macut: mpor3BoJbHOE NepeMellieHre abCOMIOTHO TBEPIOTo Tea
B MIPOCTPAHCTBE MOXKET OBITh OCYIIIECTBICHO IyTeM MOCTYNATEIbHOTO MepeMEIIeHN s BIOJb
HEKOTOPOTO HarpaBJIeHUsT ¥ BpallleH!sI OTHOCUTENIBHO OCH, 3alaHHON yKa3aHHBIM HallpaB-
JICHVEM, T.e. TIPOU3BOJIbHOE TIepeMellieHre aOCOTIOTHO TBEPIOTO Tejla B IIPOCTPAHCTBE pea-
JIN3yeTcsl KaK BUHTOBOE, a OCh Ha3bIBAETCSI BUHTOBOM OCHIO.

N3 nByx Teopem lllanst mo-cyiecTBy TOJIbKO TepBasi MIpUMeEHSIach Mpu (hopMyTUPOBKax
OCHOBHBIX TTOJIOXKEHUM TUHEMHON MUKPOTIOJISIPHOM TEOPUH YIIPYTOCTH, HAUMHAs C UCTOPU-
YeCcKM mepBoil paboThl [2]. Io HAcTOSIIEro BpeMeHHW He TPeANPUHUMAIOCH TTOTTBITOK MC-
MOJIb30BaTh MPU MaTeMaTUYECKOM MOJETUPOBAHUN MUKPOITOJISIPHOTO KOHTUHYYMa BUHTO-
ByI0 KuHeMatuky Illaisi, COOTBETCTBYIOIIYIO €T0 BUHTOBOI1 TeopemMe. [103ToMy B KOHBEHIIU-

OHAJBHBIX MUKPOIIOISIPHBIX TEOPHSIX MEXaHUKH Ne(OPMUPYEMBIX Cpen’ MOMHMO ITOJsI
TPAHCJISILIMOHHBIX TTIEPEMEIIEHUI TPUXOAUTCS ONIEPUPOBaTh C HE3aBUCUMBIMU OT TPAHCIISI-
LIMI1 MUKPOIIOBOPOTaMU, KOTOpbIe HanboJjiee IMpOCTO MPEACTABISIOTCS MCEeBIOBEKTOpaMHU (B
YaCTHOCTHM, KOHTpaBapMaHTBIMU TMCeBIOBeKTOpaMu Beca +1). B cBolo odepenb, anrebpa
TICeBIOTEH30POB Pa3BUBACTCS, UCXOs M3 (DyHIAMEHTATbHBIX MOHATUI, CBI3aHHBIX C TTepe-
HyMepalueil KOOpIMHATHBIX HaMpaBJIeHW, OpUEHTALIMN MPOCTPAHCTBA U TICEBIOCKAIISIP-
HBIX €IMHMUIL, CTENIEHN KOTOPBIX MO3BOJISIOT JOCTATOYHO MTPOCTO TpaHCHOPMUPOBAThH MPO-
U3BOJIbHBIN TICEBAOTEH30D B aOCOIOTHBIN TEH30p. 3aMETHUM, UTO HEOOXOMUMBIE JIsT TIOHU-
MaHUs HacTOSIIIIeH pabOThI CBEIEHMSI IO TEOPUH TICEBAOTECH30POB U3JIaraloTcs, HarpuMep, B
MoHorpadum [4].

IIpencraBnsiemass paboTa MOCBsIIEHA OMpPEAESIONIMM TeH30paM (TICEBIOTEH30paM) re-
MUTPOITHOTO MUKPOITIOJISIPHOTO YIIPYTrOro Tejia, BBOIUMBIM B MOJIEIb C IMMOMOIIbIO KBaapa-
TUYHOTO TTOTEeHIIMAaJa HaTpsikeHit. KOMIMOHEHTBI OTHOTO M3 TpeX OTNpPeaeIsIONINX MCeBI0-
TEH30POB OKa3bIBAIOTCS YYBCTBUTEIbHBIMU K MTPE0Opa30BAHUSIM 36pKaTbHOTO OTPaKeHUs B
TPEXMEPHOM TIPOCTPAHCTBE U, TEM CaMbIM, 00ECIIEYNBAETCST 3aBUCHMOCTb MEXaHNYECKOTO
COCTOSTHYSI TEMUTPOITHOTO TeJIa OT OPUEHTAIIUM TPEXMEPHOTO MpocTpaHcTBa. MccnenoBaHa
CcBoeoOpa3Has ajirebpanyeckasi CTPYKTypa ONMpeessTiolIX TeH30pOB FTeMUTPOITHOTO TeJa,
TOYHEE, MX aOCOJIIOTHBIX aHAJIOTOB, TTOJTyYalOIIMXCSl YMHOXEHUEM Ha 1IeJIble CTEIEHU TICEB-
nocKasipHoi enuHUIBL. [Toka3zaHo, YTO yKazaHHbIE TEH30pbI BCETrIa MOTYT ObITh CKOHCTPY-
MPOBaHbBI U3 N30MEPOB (130Mepa) TeH30pa YeTBEPTOTO PaHTa C TOCTOSTHHBIMU KOMITOHEHTA-
MM (BOOOIIIE HE YYBCTBUTEIBHOTO HU K KaKMUM ITpeoOpa30BaHMSIM KOOPIWMHATHOMN CUCTEMBI)
1 OTHOTO JOTIOJIHUTEILHOTO TeH30pa YETBEPTOI0 paHTa, CKOHCTPYMPOBAHHOTO, B CBOIO OYe-
pelb, U3 KOMIIOHEHT METPUUECKOTO TeH30pa.

HecMoTpst Ha TO, YTO IBa U3 TPEX OTNPEAESISIONIMX TEMUTPOITHOE TEJIO TEH30POB Ha CAMOM
neJie SIBJISTIOTCS TICEBIOTEH30paMHM, M3JIOXKEHWE yIaeTcs MMPOBECTH B OCHOBHOM B TepMUHAX
abCOJTIOTHBIX TEH30POB, ONTUPASICh IPU 3TOM Ha CBOMCTBA CTENEHEM MCeBIOCKAISIPHBIX eI~
Hull. Takoil momxon ObUT IPUHAT B cTaThe [5], rme B OoJiee WM MEHEee COBPEMEHHOM CTHJIE
pealu30BaHO MOCTPOEHUE MOJIEIU JIUHEHHOT0 TeMUTPOITHOIO Teja, UCXOIsl U3 MPUHIIMIA
BUPTYaJIbHBIX NepeMellieHui. JlaabHelillee pa3BUTHE TeOpUU ObUIO BBHITIOJHEHO B paboTax
[6—10]. BHuMaHuMe K 3TOi MoIeau 00yCIOBIECHO MOTEHIIMATbHO ITUPOKUM KPYTOM €€ Mpu-
JIOKEHMH K aKTyaJIbHBIM JIJIST BCEl MEXaHUKH 1e(OpMUPYEMOTO TBEPIOTO TeJla TpobieMaM.

2. IlceBaOTEH30PbI M NCEBIAOCKAJSPHI, CBA3AHHbIE C OPHEHTANMEH TPEXMEPHOro MPOCTPaH-
crBa. PaccMoTpuM, npexie Bcero, OCHOBHbBIE IMTOHSITHSI, OTHOCSIIIIUECS K MPeNCcTaBIEHUIO 00
OPUEHTALIMU TJIOCKOTO TPEXMEPHOTO MpocTpaHcTBa. OpUEHTHUPOBATH MMPOCTPAHCTBO MOXHO
pPa3IMIHBIMU CITOCOOAMM, pa3IevB UX Ha MPaBoO- W JIEBOOPUEHTUPOBaHHbBIe. B yacTHOCTH,
3aJlaHNe OPUEHTALIMU TIJIOCKOTO MPOCTPAHCTBA MOXET OBbITh BBITIOJIHEHO TOM MJIM MHOM CXe-

1 Paznoxenue NMEPEMECUICHUA a0CoI0THO TBEPOOTO TE€Ja HAa MMOCTYINATEJIbHOEC U TTIOBOPOT HE ABJISACTCA €ANHCTBCH-
HBIM: TIOJIOKECHUE TTOJTI0CA MOXHO ITOMEHATH (l'[pI/I 3TOM U3BMCHATCA HAIIpaBJICHUEC U JJIMHA MOCTYIIAaTCJIbHOTO TI€-
pCMCH.[CHI/IH), a HaIlpaBJICHUE OCH ITOBOPOTAa U YIroJj IIOBOPOTA ITPU 3TOM HE 3aBUCAT OT BI)I60pa I1oJIroca.

2 o
J10CTaTOUHO MOJIHOE U3JIOXKEHUE MUKPOIIOJISIPHOI TEOPUU YIIPYTOCTH MMeeTcsi B MoHorpaduu [3].
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MO HyMepalliy TPeX JIUHEHHO HE3aBUCUMBIX MPSIMOJIMHEAHBIX oceit’. TpaHcno3uuus HO-
MEPOB B CXeMe HyMepaluu OyneT o3HayaTh Mepexol OT OMHON OpUEHTAlMU K JPYTO.

CHUMBOJIBI MEPECTAHOBOK (JIbTEPHUPYIOIIME CUMBOJbBI) B TPEXMEPHOM MPOCTPAHCTBE
OIPENEIISIOTCS COTJIACHO

+1, ecmm i, jk =123,231,312
e = € =1-1, ecnm i, j,k =132,213,321
O, BO BCCX OCTAJIBHbLIX CJIydyasiX

Kak n3BecTHO, CUMBOJIBI IIEPECTAHOBOK SIBJISIIOTCSI OMHOBPEMEHHO KOBapUATHBIM IICEB-
JIIOTEH30POM TPETbEro paHrbl Beca —1 M KOHTpaBapMaHTHBIM IICEBAOTEH30POM TPETHErO
paHra Beca +1, T.e. Ha OCHOBaHMU UX OIpeAeeHMS CIIpaBeJIMBO CIEAYIOlIee PaBEHCTBO

b
€5k — €
KOTOpOE HapylllaeT IPUHATHIE B IICEBIOTEH30PHOM ajredpe comiaiieHus o 0ajaHce MHISK-
COB M paBEHCTBE BECOB PaBHBIX APYT APYTy IcBeqoTeH30poB. [IpuBeneHHOE paBEeHCTBO SIB-
JISIeTCS TIPOSIBJIGHUEM 0COOOTI0 cTaTyca CUMBOJIOB HepeCTaHOBOK4.
KoopauHaTtHble HampaBeHUs B TJIOCKOM TPEXMEPHOM IMPOCTPAaHCTBE 3aJaduM C ITOMO-

1IbIO TpeX 0a3MCHBIX BEKTOPOB 2 (s = 1,2,3), 00pa3yrolnx KoBapuaHTHBINA 6a3uc (JTOKalb-
s

HBIN, eCJTM pevyb UAET O MOJIEBBIX MpeacTaBiIeHUs X). JIOKaIbHbII KOHTpaBapuaHTHBIN Ga3uc
s
2 (s = 1,2,3) OMHO3HAYHO OMPEACIISIETCS CASTYIOIMMU COOTHOIIIEHUSIMU

k k
re=08 (k=1,2,3s=1,2,3)
N N

IMpennonarast manee 3agaHHBIMM CKaJIIPHOE M BEKTOPHOE MPOM3BEACHUE JABYX BEKTOPOB,
BBelleM (yHIaMeHTaJIbHbII OpUEHTUPYIOIIMIA IiceBaocKasp (Beca +1):
e =1X(1X1
1 (2 3)
U IBE TICEBIOCKAJISIPHBIE AMHUIIBI

[+1] e
1 =e, 1 =e 2.1)

OpueHTallMd KOOPAMHATHBIX CUCTEM B TaKOM cllyyae HaxoIsTCs MO 3HaKy IMepBOi u3
MCEBIOCKAISIPHBIX €IMHMII:

[+1]
1 >0

IIJIST TIPAaBOOPUEHTUPOBAHHOTO KOOPAMHATHOTO 6a3uca,

[+1]
1 <0

1A IEBOOPUECHTUPOBAHHOIO KOOPANHATHOTO basuca.
BBeneM Taxke 1iesble CTEIIEHU £ IICEBOOCKAIAPHBIX €CANHMII, IToJIarasa

el [+
L=(1)®
el 1]

L=(1)°

3 HCHO, YTO B OTOM CJIy4a€ MOXHO TaK>XE€ TOBOPUTH o0 OpUCHTaALUH KOOpHHHaTHOﬁ CHUCTEMBI.
Hano 3aMETUTD, UTO 3TO HE EAMHCTBEHHOC ITPOSBJICHUE ocoboro cTratyca CMUMBOJIOB ITIEPECTAHOBOK. I[I[H HUX Tak-
K€ HApyIarTCA JOCTATOYHO HINMPOKO IMIPUMECHAEMbBIC B a.nre6pe TEH30POB IMpaBujia 2KOHINIMPOBaHUA NHACKCAMHU.
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IMonb3ysach NCeBIOCKANSIPHBIMU €IMHULIAMMU, OTPEIeIUM abCOJIOTHbIE e-TeH30Pbl (TeH30-
pBI TIEPECTAHOBOK, TMCKPUMUHAHTHBIE TEH30PbI) CJICAYIOIIMMU PABEHCTBAMU:

[+1]
e = 1 €
. =11
=1 €k

B nanbHeiieM U3JI0KeHUU HaM TaKxKe MOTPeOyIOTCs ellle IBa CIIeliCMMBOJIA, TaK WX MHa4Ye
CBSI3aHHBIEC C CUMBOJIaMM TlepecTaHOBOK. OHAKO HavyaTh MPUXOJIUTCS C METPUUECKOTO TeH-
30pa. AGCOJIIOTHO MHBapUaHTHas MeTpudecKkast nuddepeHnaibHas ¢hopmMa

ds* = g,-j»dxidxj

MOPOX/aeT METPUUECKHUiT TeH30D g ;. KBanpar mnceBrocKaaspHOii eNMHUIIbI OKa3bIBAETCSI
PaBHbBIM IETEPMUHAHTY, COCTABIEHHOMY 13 KOMITOHEHT TEH30Pa g j:
[2]
1 = det(g;,)
Kak oTMmedasoch BBIIIE, CUMBOIIBI TTEPECTAHOBOK HE ITOTYMHSIIOTCS OOBIYHBIM ITpaBUIIAM
JKOHIIMPOBaHWS WHIEKCOB. HampuMep, ormyckaTh MHIEKCH Y KOHTpaBapUAHTHOTO TICEBIO-
TEH30pa MePECTAHOBOK CIIEIYET IO IIPABUITY
-1 [-2] [+115"
€ijk = 1 8il8 js8kr € - (2.2)
Onupasich Ha 3TO MPaBWIO ¥ BBOJIsI CHaYaJIa CIECUMBOJIBI
1] TR o) [+1]
P D P Ipr
€k = & €jk> €k T Bi8kr €

HETPYAHO MMOKAa3aTh, YTO OHU YIOBJIETBOPSIIOT COOTHOILIEHUIO

[-1] (=21 +1
e = 1€
ITOCKOJIbKY
-1 -1 -2 B ) B gy
€l = gpj € = 1 87 88 € =1 8il8kr =1 &

N3 TONBKO YTO MOJIy4EHHOTO COOTHOUIEHMUSI CAEYET, UTO
F g
1 ey =1 ¢
U TMO3TOMY MOXHO BBECTHU CJIENYIONINM ClIENMaTbHbIN CUMBOJI
e
e = 1€l =1¢€4 (2.3)
KOTOPBIA OUEBUIHO SIBJISIETCS aOCOJIOTHBIM TEH30POM UM OKAa3bIBAaeTCsl BECbMa IOJIE3HBIM
P ONIEPUPOBAHUU C yPABHEHUSIMU MUKPOTIOJISIPHOW TEOPUU YIIPYTOCTH.

3. KoBapuaHnTHas Teopus JMHEHHOr0O MUKPONOJISIPHOTO KOHTUHYYMA. B aTOM pasneine pado-
TBl MBI OyleM paccMaTpuUBaTh OJHY aOCOJIOTHYIO TEH30PHYI0 (DOPMYJIMPOBKY OCHOBHBIX
YpaBHEHUI MUKPOMOJISIPHON TEOPUU YIIPYTOCTU, B CYILIECTBEHHBIX YepTaxX pa3BUTYIO B CTa-
The [5].

BBesieM B IMPOCTPAHCTBE KPUBOJIMHEITHYIO KOOPAMHATHYIO CETKY M 0603HaunM uepes x*
KPUBOJIMHEMHbIE KOOpAUHATHI. JUIsI COKpalleHUsl 3alUCU TEH30PHBIX YpaBHEHUI Oynem
0603HauaTh Yepe3 d;, orepaTop YacTHOro auddepeHIMpoBanHus Mo nepeMeHHoi XX, a uepes
V. — oneparop koBapuaHTHOTO A1UbGEpPEeHIIMPOBAHUST B METPUKE &js-
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3aMeTuM, 4TO KOBapuaHTHas TEOpUsl JIMHEHHOIro MUKPOIIOJSIPHOTO KOHTUHYYMa [5] Ha
CaMOM JIeJie MOXET ObITh MOJYYEHA, UCXOAS U3 €€ TIEPBUYHOTIO MCEBIOTEH30PHOTO aHaJIora,
€CJIM MPUHSITh BO BHUMaHUE KOBAPUAHTHOE IMOCTOSIHCTBO CTEIEHEe! TCeBIOCKAISIPHBIX €11 -
HUIL

[*e]  [*el
Vi 1 =0

B crartbe [5] BekTOp nepemMenieHnit mpearnosaraics KOBapuaHTHBIM, T.€. BBOIWJICS B TEOPUIO
KOMITIOHEHTaMHU U, . KoBapMaHTHOE MoJie NMepeMELIEHUI TOPOXIAAET BUXPb, BBIUMCIISIEMbIIA
COIJIaCHO

(Di = leik[Vku,
2
rae

_ S
Vi, = oy — Ty

— KOBapHaHTHas IMponu3BoaHasd BEKTOPHOI'O ITOJIsA Uy .
[TonHBIIT MUKPOTIOBOPOT OOBIYHO BBOAMTCS KaK MCEBIOBEKTOP, HANIpUMeEpP, KaK KOHTpa-
[+1]
BapMHTHBIA TICEBIOBEKTOD Beca g = +1 (cm. [12]): ¢° .
DTOT BEKTOP 3aTeM YMHOXEHHMEM Ha BTOPYIO TCEBIOCKAISIPHYIO €IUHUILY TPUBOAUTCS K
abCOJIIOTHOMY BEKTOPY

-+
(I)S — ] (Ds
BCHCI[ 3a IMOJIHBIM MUKPOIIOBOPOTOM M BUXPEM I10JIA TPAHCIALIMOHHBIX HCpCMCH.ICHI/IfI
MOXXHO TOBOPUTH 00 OTHOCUTEJILHOM BEKTOpPE MUKPOIIOBOPOTA

¢ =0 - =¢- %eﬂdvku, 3.1)

OTOT BEKTOP, HAPSIY C BEKTOPOM TPAHCISIIMOHHOTO TIPEMEIeHUsI, CUNTAETCS B JIMHEN -
HBIX MUKPOTIOJISIPHBIX TEOPUSIX MAJIBIM U UCIIONb3YeTCS TP KOHTCTPYUPOBAHUU aCUMMET-
PUYHOTO TeH30pa AedopMaluu.

AcCUMMETPUYHBIN TeH30p nedopMaluu TeOMETPUUECKU JMHEMHBIX MUKPOTIOISPHBIX
Teopuit

€ = €u) T € (3.2)

CKJIAIBIBAETCST U3 CUMMETPUIHOM (OTpenesieMoil TTOJIHOCTBIO TTOJIeM TiepeMeIleHUA )

€ = Vauy = = (Viu; +Vju;)

1
2
Y aHTUCUMMETPUYHOMI (OMpeAesieMOoii TIOJTHOCTHIO TT0JIeM OTHOCUTETbHBIX MUKPOITOBOPO-
TOoB (3.1))

_ k
€1 = P
JacTei.
Ero MoxHO Takxke oIpeneanTh Yepe3 MOIHbBIM BEKTOP MUKPOIIOBOPOTA COIIACHO
_ k
€[j - V,’Uj - euk(l) (3'3)
WJIM B TEPMUHAX TICEBIOTEH30POB — COIIACHO

-1+
k
€ = Vi, —€; 0 3.9
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I[ToMrMMO acUMMETPUYHOTO TeH30pa AedopMalini, HEOOXOAUM €llIe TEH30p U3rnda—Kpy-
YeHUs

s s
K. = Vo (3.5
KOTODBIi MPENCTABIISIET COOOM MPOCTPAHCTBEHHBIN TPAIUEHT ITOJTHOTO BEKTOPA MUKPOIIO-

BopoTa. SIcHO, 4TO TEepBUYHOE OMNpenesieHne TeH30pa M3rnba—KpydeHUs Ha caMOM Jelie
UMEET MCEBIOTEH30PHYIO MPUPOILY

[+1] [+1]
S N

K. =V;0

Onpeie M, HAKOHELL, CJIEAYIONINE TIPUCOEINHEHHBIE K TEH30DPAM €;. U K- BEKTODBI, MOJIO-

) ) 1S >
KUB
j_ 1 jis _ 1 i)
=o€, KT e
2 2

YDaBHeHI/If{ CTaTUYCCKOI'0 paBHOBECHUA I10Jy4YarOTCsA, UCXOOsd M3 NPUHIUIIA BUPTYaJIbHbIX

rnepeMeeHui [5]
ik _ vk
vieh ==X (3.6)
Vil =21 = =Y,

" . L
e " — aCUMMETPUYHBII1 TEH30p CUJIOBBIX HATIPSDKEHUIA; H-’k — TE€H30p MOMEHTHBIX HaIpsI-
KeHU

Jis

! e W

1
u —
2

— MPUCOETMHEHHBIE K TEH30paM CUJIOBBIX U MOMEHTHBIX HAMPSIXKEHU A BEKTOPHI.
4. Ynpyruii NoTeHnuajJ TeMATPOITHOTO MUKPONOJISAPHOTO Teja. B Monenu ynpyroro Mukpo-

—_1, s -
Tj__iejist ) -

) ok .
TMOJIIPHOTO TeJa Tapa €, K; COMPSDKEHA C Mapoi ¢, |l.; yepe3 MOTEHIMa HAMPSIKEHUt
(ynipyruii moteHuman) AU:

R .
€y 0K,

Hawu6Gosee o61as hopMa yrpyroro rmoTeHIyaa JMHEHHOTro MUKPOIOJISIpHOro Teaa Al nMe-
€T BUJ KBaIpaTUIHOI (pOpMBI

isl] il s jsl- :
20 = ]Illsm €is€m T H;vm Kller'n + Igllsm EiSKl’-” (41)

isl
e ]lilsm, ]2{11

”

ems HZ. €cTb onpenensiolme TeH30pbl. ONpeesiolme TeH30pbl UMEIOT B
3

MpUBeIeHHOI BhIle (hopMe (4.1) coBepIIIEHHO pa3HYIO CTPYKTYPY MHIAEKCOB. [IBa U3 HUX Ha

CaMoM JieJie SIBJISTIOTCSI TICEBIOTEH30paMM, HO KaK OOBIYHO MTPUBOISITCS K aOCOTIOTHBIM TEH-

30paM C ITOMOUIbIO CTerneHeu HCpBOI‘/JI HCCBHOCKaI[SIpHOﬁ CANHULbBI:

o [‘?[] o [‘?][
H;m =1 H,;A,',,, H;m' =1 Hf,,; 4.2)

HeTpynHo 3aMeTUTh, YTO KOMITOHEHTHI ONPEACIISIOIIMX TEH30POB YIOBJIETBOPSIIOT CIIEAY-
IOIIUM “YCJIOBUSIM CUMMETPUN”:

Hi-l» i

=H

2 .s:m 2 ms

islm __ Imis
=

YUUTBIBask KOTOPbIE MOXHO MOKa3aTh, YTO YMCJIO HE3ABUCUMBIX KOMITOHEHT OMpPeAeIsSTIOIINX
TEH30POB MUKPOTIOJISIPHOM TEOPUHU YIIPYrocTH paBHo 171.
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Ynpyromy noreHiuany (4.1) COOTBETCTBYIOT OIpEaS/IsIIONIe ypaBHEHUS:

tis — Hislm € + lHisl« Klm
1 23 .m
i il om 1 mi
W = H Kl H e
KOTOPLIC CJICAYET CUUTATh IPUTOAHBIMU IJIA JM000T0 JTMHEITHO YIIpYToro MMKpOITIOJIAPpHOIo
TEJa.

B nmanbHeiieM usznoxeHU MbI OyeM paccMaTprBaTh TOJILKO T€MUTPOITHBIE MUKPOIIO-
JIAPHbLIC CPEAbI, T.C. TAKUEC CPEAbI, OIIPCACTAIOIINEC TCH30PbI KOTOPHBIX ABJIAKOTCA TEMUTPOII-
HBbIMH (HO)TYI/BOT]DOHHHMI/I, I[eMI/ITpOHHI)IMI/I) N XapaKTepU3yroTcad HCU3MCHHOCTbHIO KOMITO-
HEHT IpU JIIOOBIX IpeoOpa30BaHUSIX TOBOPOTA.

XOpOH_IO MN3BECTHO, YTO B I[CKapTOBOfI CUCTEME KOOpAUHAT a0COTIOTHBIN IIOJTYU30TpPOII-

HBII Te30p yeTBepToro paHra H,,, npencrasiercs B dopme [11, c. 66—70]:
Hislm = 7\’81‘58Im + H(Silssm + 8im6s1) + V(Silasm - 8im851)
BBosT HOBBIE ITOCTOSIHHBIE

b+c b—c
A= a, = , V=
K 2 2

HOJ'IyPI3OTpOl'IHBIﬁ TCH30P YETBCPTOI'O paHra Hislm MOXHO TaK>K€ MPEACTaBUTL B CJICAYIOLIEM
BUIC:

Hislm = asis61m + bsilssm + CSimasl

HauboJiee MOAXOASIIEM JIJIsI MOCASAYIONIEeTO U3TOXKEHHSI.
B ToM citydyae, Korma cructeMa KOOpIWHAT He OyIeT TeKapTOBOM, IMTOTYHU30TPOITHOE MUK-
POTIOJIAPHOPE TEJIO XapaKTepU3yeTCsl ONPEAEIISIIOIINMU TEH30paMU CIIEAYIOINIeil CTPYKTYPbI:

Hislm — is _Im il _sm im sl

1 agg  tbgg tegrg
Hislm — is _Im +b il _sm + im sl
] czzg g 2g g gg g

Iglislm — agtsglm + bgilgsm + cgimgsl
3 3 3
1 ONPENENAIOLINMY YPABHEHUAMU
1 = ag"g"em + (b + c) e®ilg &° " Ky + l(b + c) K
1 11 23 33
_ Im 1 Im
M) = 2818 Kum) + (QJF g) Kis) + Eglgisg €imy +

Aisl — (11)_ f) sl %(lg_ (3:) 51

by = (8= ¢) 5 + 5 (6= ¢)

NI B TCpMUHAaX MPUCOCANHEHHBIX BEKTOPOB

(is) is Im ( ) (is) 1 is Im 1 ( )
! ‘llg g €um) ? f € 2‘318 g Kum) > ? g

2 2
2, = 2{p =)o, = (b=¢)x;
' =2(p=g)e (4 ¢)o’

_ Im 1 Im 1
Has) = 9858 Kum) + (b + C) Kis) T+ Eglgisg €imy + 5(137"‘ g) €(is)

%)
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Bmecto OoNnpeaAcCTIAIINX MOCTOAHHBIX

MMeeT CMBIC]I BBECTU HauboJiee IIPUEMJIEMBIC C TOUKHN 3PEHUSA TCOPUMN YIIPYTOCTU MEXaHNYC-
CKHE MOOYyJIN

a= 2Gv , a= 2GL2(23, a=2GLc,
L 1-2v 2 3
b=G(l+a), b=GLl(+c), b = GL(c5 —%cé) (4.3)
_ _ e _ 1
€= G(1—-¢), ¢ GL(1-cy), ¢ GL(C5 + 2c6)

3nech G — ynpyruit Moayib capura, v — Koaddunuenr IMyaccona, L — xapakTepHass MUK-

ponnuHa, ¢, (k = 1,6) — dusnyecku 6e3pa3mMepHbIe MUKPOMOJISIPHBIE YIIPYTHE MOIYJIH.

5. AGCOMIOTHBIN TEH30p YETBEPTOr0 PaHra ¢ MOCTOSAHHBIMH KOMIIOHEHTAMH B TPEeXMEpPHOM
NMPOCTPAHCTBE M PsAl €ro U30MepoB. AOCOJIIOTHBIN TEH30P C MOCTOSIHHBIMUA KOMITOHEHTaMU
IIOJDKEH MMETh OMMHAKOBBIE KO- ¥ KOHTPABAJICHTHOCTH, T.€. UMETh YETHYIO BaJICHTHOCTD 27
(cMm., HampuMmep, [4, c. 171]):

kiks. ..k,
515;...8,
Kak n3BecTHO, M1 aOCOJIIOTHOIO TeH30pa C IIOCTOSSHHBIMU KOMIIOHEHTAMM CIIpaBEIlJIMBO
caeayolee MpeacTaBIeHUe
kiky.. .k thaksy.. Ky}
Cs152~..srr = ;CPC .. i (51)
IIe CYMMHpPOBaHNE IIPOM3BOMUTCS MO BCEM ¢! mepecTaHOBKaM P HaTypallbHBIX yucend 1, 2,
..., ', B TOM CJIy4ae, KOrma » He IIPEBOCXOIUT Pa3MePHOCTU IIPOCTPAHCTBA, IIPOU3BOJIbHBIC
KO3((PULIMEHTBI ¢ p MOXKHO CBI3aTh C KOMIIOHEHTAMU TEH30pa COMIACHO

12...r
o = C\%
P (12...r}p
AOCOJIIOTHBIN TEH30p YETBEPTOIrO paHra C IMOCTOSTHHBIMM KOMIIOHEHTAMU B TPEXMEPHOM
IIPOCTPAHCTBE HAa OCHOBAaHUM JaHHOIT BhImIe opMybl (5.1) ciaenyionryo oburyio dopmy,

KOTOPYIO MbI IIPUBEACM, HE YKa3bIiBad ITyCTYIOIUEC MMO3ULINU IJI1 BEPXHUX 1 HUKHUX UHICK-
COB:

C;" = ad;8" + ¢8'§; 5.2)

us KOTOpOI71 MOXHO BBIBECTHU pALO NU3OMEPOB, KOTOPBIC, B CBOIO OUEPCAb, TAKXKE 6y)_'[yT TEH30-
paMu C MIOCTOAHHBIMU KOMITOHECHTaAMMU.

N3zomepnl TeHzopa C;" B NalbHENIIEM M3TOXKEHUU OylieM 0G03HAYATDH TEM Xe CAMbBIM
KOPHEBBIM CUMBOJIOM, CHaGXast ero HOMEepOM BBepXy cieBa. YMCIIO BOBMOXKHBIX N30MEPOB

Tenzopa C;" OLeHUBaeTCs KaK ITPOM3BENEHHE YUCIIA BCEX BO3MOXKHBIX TIEPECTAHOBOK OJHO-
TO psila CUMBOJIOB §, m, -, - M YUCJIA BCEX BO3MOXHBIX MT€PECTAaHOBOK APYToOro psiila CUMBO-
JIOB i, [, ,- C y4ETOM TOTO, YTO MEepeCTaHOBKA MO3UII1I, 0003HaUYaeMBbIX Yepe3 -, IPUBOIUT K

OIHOMY M TOMY Xe n3oMepy. TakuMm o6pasoM, YMCIIO BO3MOXHBIX H30MEPOB TeH3zopa Cj"
OKa3bIBaeTCsI PAaBHBIM

4.4 _

PaccMOTpMM HEKOTOpPbBIE U3 psiia MU30MEPOB TeH3o0pa (2). Onpenennm cHavajla M30Mep TEH-
30pa YeTBEPTOIO PaHTa C IIOCTOSHHBIMKA KOMITOHEHTAMU, TIOJIOXKWB
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CSm = adid! + c8'S)
OTKyna

4 ~islm is Im im sl
C

=ag g +cg g
[anee HETpyaIHO MPOBEPUTD, UTO
4 ~sm __ 4, ~m-s
C,:[. - C].,ﬂ
a TaKkxe
4Cislm — 4Clmis
BBenem uzomep
1
C" = ad;8]" + 8]
151 Hero OyAyT BBIMOJHSTHLCS CAEAYIOIIE paBEeHCTBA:

o, =1

ilsm smil

1 _4 _4
Ci[sm - Cislm - Clmis

4 1 "
KOTOPBIE MO3BOJISIOT 3aKJI0UUTh, YTO U30Mephl  Cjy,, U~ Cigyypy TPEACTABISIOT COOOM COBEP-
LLIEHHO pa3Hble TEH30Pbl YETBEPTOIO PaHra.

Ipomomxum paccMOTpeHHEe U30MEPOB TEH30pa YETBEPTOIO PaHTa ¢ MOCTOSSHHBIMU KOM-
IMOHEHTaMU, ONIpeaeIuB

2 .
C3 = a8;8]" + ¢8"]
N 4 il

Jlerko npoBepsIOTCS Cliedylolie PaBEHCTBA, CBSA3bIBAIOLIME MEXIY co60ii n3omepbl C' ",
ICilsm 2Cilsm:

s

2Csmil — 4Cislm — lCilsm — lcsmil

OTKyHda CJeayeT BbIBOI O TOM, YTO

2Csmi1 — lcsmil

2 ~smil 1 ~smil
T.€. TeH30pbl ~C u C”" paBHBHI.

Creayioiym B psiLy U30MEpPOB BBICTYIIA€T TEH30D
3 sm
Cil" = ad;8]" + ¢8'5) (5.3)
Cpa3sy ke MOXHO YTBepKAaTh, YTO CIIPABEIIMBO PABEHCTBO
3Csiml — 4Cislm — ZC‘Ymil
1, KpOME TOro, — paBeHCTBa
3 il 3l 3 il 4 il
C—s-m - C-m-s’ Csm - Cs-m-
[TockoabKy
3Csiml — 3Cislm

3 pisim 4 isl
TO MPUXOIUM K 3aKJIIOUEHUIO O paBeHCTBe TeH30pos ~C™" u “C*".
TakuM 06pa3oM, B LIEMIOUYKE M30MEPOB TEH30pa YeTBEPTOTO PaHIa C MOCTOSTHHBIMU KOM-

ITIOHCHTaMU
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o =tepr <oy =l
He BCE U3 HUX SIBJISIIOTCSI HE3aBUCUMBIMU, U B JaJbHEMIIIEM U3JI0XKEHUUW HaM TTOTpedyeTcs
TOJIBKO TpeTuii, T.e. (5.3), U3 psima U3MEepOB TEH30pa YETBEPTOTO paHTa C MOCTOSTHHBIMU
KOMITOHEHTaMMU.

6. [Ipeacrasienne onpeaesIONMX TEH30POB FTeMUTPONTHOTO TeJia C MOMOUIbIO H30Mepa TeH-
30pa C MOCTOSSHHBIMM KOMNOHeHTamMH. OCHOBHYIO JHEPreTH4Yeckyio (hopMy TeMUTPOITHOTO
MUKPOIOJISIPHOTO YIIPYroro Tejia MOXHO Mpeobpa3oBath K CrelUaibHON (hopMe, TTO3BOJISI-
[olleil JaTh ONTUMAabHOE TIPENCTaBIeHHUE ONPEACISIONINX TEH30POB B TEPMHHAX TEH30POB C
TOCTOSTHHBIMM KOMITOHeHTaMU. C 3TOi 1Iebl0 CHavajla 3aMEeTUM, YTO TPAHCISIIINU TIPO-

CTpaHCTBa HamboJiee eCTeCTBEHHBIM 06p3.30M IIpEACTABIAIOTCA KOHTpaBapuaHTHBIM BEKTO-

pOM,5 IIOBTOMY U BEKTOD HCpCMCH.[CHI/Iﬁ 6yI[CM CYUNTATb KOHTpaBapMaHTHBIM C €CCTCCTBCH-

HBIMU KOMIOHeHTaMU u°. KpoMe 3TOro MoJjiHbIi MUKPOMOBOPOT, KaK MPOAEMOHCTPUPOBA-
Ho B [12], B 0oMHOM M3 BapMaHTOB pa3BUTHSI MUKPOTIOJISIPHOM TEOPUH YITPYTOCTH BHICTYITaeT
KaK KOHTpaBapHUaHTHBII IICEBIOBEKTOp Beca g = +1.

C y4yeToM BBICKAa3aHHBIX TOJIOKEHUI HanboJee eCTECTBEHHBIM BBITVISIUT CIIECAYIOIIee
orpeneieHrue aCUMMETPUYHOTO TeH30pa Aedopmarinm:

, =1 @tk
€. =Vu — esr ¢

WA B TEPMUHAX aOCOJIOTHBIX TEH30POB
_ Ik
- Vsu - es»kq)
TeH30p U3rndba—Kpy4eHUsI UMeeT UISHTUIHYIO CTPYKTYpPY MHIEKCOB
S S
K. = V0
&

ACUMMETPUYHOMY TEH30py AehOpMaLUU €; U TEH30PY U3rMOA—KPYyUYEHUS! COMPSIKEHBI
0 SHEPTUYU TEH30D CUJIOBBIX HATIPSDKEHMIA £;, M TEH30P MOMEHTHBIX HANPsKeHU [, . O6a
TEH30pa TaKKe UMEIOT UACHTUYHYIO CTPYKTYPY WHAEKCOB. YpaBHEHUs CTaTUIECKOTO paB-
HOBECHSI, OYEBUIHO, IPUOOPETAIOT CACAYIOIINIA BUI:

i
Vity = —X,
i B L S
Vilx — eits = —Yi
Ornpenensioniye TeH30pbl aHU30TPOITHOTO MUKPOTIOJISIPHOTO Teja OymIyT UMETh OTHOTHII-
il
HYIO CTPYKTYpPY UHIEKCOB Buaa: H. . TIOCKOJIbKY SHepreTrdeckas (popma nmpeodpasyercst K
cJenyroueMy BUIY:
_ il s _m il s om il s om
20U = 1?1 €€+ 151 R0 VAR l;l o€ K], (6.1)

B ciyyae reMUTPOITHOTO MUKPOIIOJIIPHOTO YIIPYTOTO Tejla KaXKAbIi U3 TPEX OIMpenesTio-
X TEH30POB BBIpAXKaeTCs Yepe3 TPETUM N30Mep TEH30pa C MOCTOSTHHBIMU KOMITOHEHTaM U
COTIJIaCHO

il 3 il il
Ic{sm = C;sm + ?gsmg (62)

Takum o6pa3om, TTOKa3aHO, YTO KaXIblil U3 TPeX OMpPeAesIsSIIoIINX TEeH30PpOB BCEerma MO-
3KET OBITh CKOHCTPYMPOBAH M3 OIHOIO M3 M30MEPOB TEH30Pa C MOCTOSTHHBIMU KOMITOHEHTA -
MM (BOOOIIE HE YYBCTBUTEIBHOTO HU K KaKMUM MPeo0pa30BaHMSIM KOOPIAUHATHOMN CUCTEMBI)
Y OTHOTO JOTIOJIHUTEILHOTO TeH30pa YeTBEPTOT0 paHTa, CKOHCTPYMPOBAHHOTO, B CBOIO OYe-

5 Cm. o 3TOMY nosoay [4, c. 90, 91].
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penb, U3 KOMIIOHEHT METPUYECKOTO TeH30pa (He YyBCTBUTEIbHOIO K U30METPUSIM TPeXMep-
HOTO TIPOCTPAHCTBA U JIaXKe K €r0 TOMOTETUYHBIM IMPE00pa3oBaHUSIM).

BaxxHbIM MpencTaBisieTCsl TaKXKe TO OOCTOSITEILCTBO, YTO OMPEACISIONINE TEH30pbl (U
rnceBaoTeH30pkl (6.2)) B cuiy (6.2) KOBapMaHTHO nocTostHHbI®. JIefiCTBUTEIBHO, TEH30PbI C
IMOCTOSTHHBIMU KOMITOHEHTaM1 KOBapUAHTHO MOCTOSTHHBI. TO XXe caMOoe OTHOCUTCSI K MET-
pudecKoMy TeH30py. OTpenesTiolye MCeBIOCKATIPbI

[-2] [-2] [-2] [-2] [-2] [-2]
a =1a b =1H1», c =1c
2 2 2 2 2 2
[-11 =11 =11 [-1] [-11 [-1]
a=1a b =1H1», c =1c
3 3 3 3 3 3

KOBapMaHTHO ITIOCTOSIHHBI, IIOCKOJIBKY KOBAapMAHTHO ITOCTOSIHHBI CTEIIEHU IICEBIOCKAJISIP-
HOM €AUHULIBI

[*el

V,1 =0

B kauecTBe elie omHOTO MpUMepa yKakeM Ha KOBAapUaHTHOE IMOCTOSTHCTBO XapaKTEepHO
MUKpomuHbl L. Tak Kak

+

Sl )
Sl

2

2 =
b+c
11

TO MUKPOJJIMHA HAa CAMOM JIEJIE SABJISETCS KOBAPMAHTHO MOCTOSIHHBIM TICEBIOCKAISPOM Beca

—1, YyBCTBUTENBHBIM K MTPe0OPa30BaAHUSIM 3€PKATBHOTO OTPAKEHUSI:

[-2] [-2] [-2] [-2]
-2 1b+1lc¢c b+c¢ I
L = 2 2 — 2 2 — 1 L2

b+c b+c
11 11
MHTepecHO TaK:Ke OTMETUTh, YTO KOBApMAHTHOE ITOCTOSTHCTBO OIPEAESIISIIOIIETO TICEBIOCKA-
[-1]
nsipa L , T.e. BBIITOJTHEHUE YCITOBUS

[-1]
V. L =0

cpasy XKe BJIEYeT ero NnpeacTaBUMOCTh B hopMe

-1 -1

L=11L
XapakTepHast MUKPOIJIMHA MUKPOMNOJISIPHOM TEOPUN YIPYTrOCTU L — €MMHCTBEHHBI U3 MO-
nyJieit, KOTOpOMY MOXKET ObITh MPUIHCAH BEC, M TOJILKO OHa IT0JIy4yaeT TPAKTOBKY KaK OIpe-
TEJISTIOIINN TICEBAOCKANISIP, YYBCTBUTEIbHBIN K 3aMeHe OpMEHTAIIMU KOOPAMHATHOM CUCTe-
MBI, HAIIpUMeEp, € TTPaBO- Ha JIECBOOPUEHTUPOBAHHYIO.

Kpome KoBapMaHTHOTO TTOCTOSTHCTBA OMPEAEIISIIOIINX TeH30pOB (6.2) BHIIEIUM TIPUCY-
IIee UM BaXKHOE CBOMCTBO HEUYBCTBUTEIHLHOCTA KOMIIOHEHT TTPY MPOU3BOJILHBIX Mpeodpa-
30BaHMSIX KOOPAWHAT IMPH BBITIOJIHEHUH YCIOBUIM

b=0 (c=1,2,3)

C

B cuny (6.2) reMUTPOITHOE MUKPOITOJISIPHOE TEJIO XapaKTepU3yeTCsl NEBSATHIO OMpeaelIsiio-
UMW TOCTOSTHHBIMK. ECIM cYUTaTh BBIMOJHEHHBIMU MPUBEICHHBIC BBIIIE YCIOBHS, TO

6 Te, KoBapuaHTHoe auddepeHpoBaHue aHHYIMPYET TeH30p (nceBaoTeH30p). KoBapraHTHOE MOCTOSIHCTBO TO-
TO WJIM MHOTO TEH30pa UJIU TICEBIOTEH30pa TEH30pa IeJIaeT ero BeChbMa yI0OHBIMU MPU MpeoopasoBaHusix nudde-
PEHUMAIBbHBIX YPABHEHU MEXaHUKU KOHTUHYYMa, MTOCKOJIBKY €I0 MOXXHO BHOCHUTb M BBIHOCUTB 32 00JIaCTb Aeii-
CTBMs Oneparopa KoBapuaHTHOro nuddepenurposanus V.



TEH3OPHI C [TIOCTOAHHBIMHU KOMITOHEHTAMUA 109

OCTaCTCs BCCro eCTb ONnpeaAcadommnX moCToIHHbIX. ITo CMBICJTIY ITPOBCACHHBIX BbILIEC pac-
CYXIEHUI TaKoe MUKPOIIOJISIPHOE TEJIO CJIeNYyeT Ha3BaTh y1bmpau3ompontsim. OU3N4ecKu
MpUeMJIEMbIM TaKo€ MUKPOTIOJISIPHOE TeJIOo OyAeT, OYEBMIHO, TOJILKO B TOM Cllyyae, Koraa
MMOTEHIIMAJT HAIIPSKEHUM CYTh TTOJOXUTENIBHO OTNpeaesieHHas KBaapaThdHas ¢dopma oT
KOMITOHEHT aCUMMETPUYHOTO TeH30pa AehopMallii U TeH30pa U3rnba—KpydeHUs.

7. 3axkmouenue. B mipencraBisieMoit paGoTe pacCMOTPEHBI OMpenessIoniue TeH30DbI
(TICeBIOTEH30pbI) YETBEPTOTO PAaHTa, C KOTOPBIMU IMTPUXOIUTCS UMETh /IO B aTePMUUECKOI
MeXaHWKe TeMUTPOITHOTO MUKPOTIOJISIPHOTO YIIPYTOTo Tejia. YKa3aHHbIe TEH30PhI ¢ pPa3iny-
HOW CTPYKTYpOI1 MHIEKCOB MOTYT OBITh BBEJEHBI B MOJIEJIb TEMUTPOITHOTO TeJIa C ITOMOIIIBIO
KBaJIpaTUYHOTO TMOTEeHIMaIa HanpsikeHU. HecMOTpst Ha MEpBUYHOCTD MCEBIOTEH30PHOTO
MpeNCcTaBIeHUs] SHEPTeTUYECKOTO TTOTeHIIMalla, U3JIOKEHWE YIaeTCs MPOBECTU B OCHOBHOM
B TepMUHaX aOCOTIOTHBIX TEH30POB, OMUPAsICh MIPU 3TOM Ha CBOMCTBa CTEMeHe IMceBIOCKa-
JISPHBIX eNMHUIT. KOMITOHEHTBI OTHOTO U3 TPEX OMPENeISIONINX MCEBIOTEH30POB OKa3bIBa-
I0TCSl YyBCTBUTEJIbHBIMU K IIPE0OPa30BaHUAM 3epKaAJTbHOTO OTPaXKeHUS B TPEXMEPHOM MPO-
cTpaHcTBe. MccnenoBaHa ajirebpandeckasi CTpyKTypa ONpeaessiolX TEeH30pOB FeMUTPOTI-
Horo Teyia. [Toka3zaHo, YTO MOCIeaHNE BCEraa MOTYT ObITh CKOHCTPYUPOBAaHBI U3 U30MEPOB
(a B cimyyae MAEHTUYHOCTU CTPYKTYPhl TEH30PHBIX MHIEKCOB — OJHOTO M30Mepa) TeH30pa
YeTBEPTOTO PaHTa ¢ TOCTOSTHHBIMU KOMITOHEHTaMU (BOOOIIIe He YYBCTBUTEIBHOTO HU K Ka-
KAM TpeoOpa3oBaHUSAM KOOPIMHATHON CHUCTEMBI) M OXHOTO MOIOJTHHUTEIBHOTO TEH30pa
YeTBEPTOI0 paHra, CKOHCTPYMPOBAHHOTO, B CBOIO Oouepelb, U3 KOMIIOHEHT METPUYECKOTO
TeH3opa. TeH3opaM MOAOOHOI aaredopanvyeckoil CTPyKTypbl MOTYT OBITh IMPUITMCAaHbI Beca
TOJIBKO 3a CUeT MPUIAHUS BECOB ONpeNeIsIonIMM nceBaockansgpam. Cpeay onpeaesiiomx
TICEBIOCKAISIPOB BBIIEJISICTCS XapaKTepHasi MUKPOJIMHA — eAMHCTBEHHAsI KOHBEHIIMOHAb-
Hasl ompeaessionasi XapakKTepuCcTUKa MHUKPOTIOJISIPHOTO YIIPYTOro Tejia, KOTopas MOXeT
OBITH OIpenesieHa KaK MCeBIOCKAJIAp HEYeTHOTO Beca, YyBCTBUTEIbHBIN K 3aMeHe OpUEeHTa-
LIMU KOOPAUHATHOU CUCTEMBI C TPAaBO- HA JIEBOOPUEHTUPOBAHHYIO.

Pabora BemmonHeHa mpu (rmHaHCOBOM nomaepxke Poccuiickoro Haydnoro ¢oHma (IIpo-
ekT No 23-21-00262 “CpsizaHHasi TepMOMEXaHMKa MMKPOIIOJSIPHBIX MOJIYU30TPOIMHBIX
cpen’”).
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