L3. MHOTOYACTHYHBIE AHODYIHOHHbIE YPABHEHHS
O/ NOJTHMEPHOM 1{EITH B PACTBOPE.
JOOEKTHBHBIA KBAZHYIIPYI'HH (FAYCCOB) NOTEHLIHAN

HOLTDOCHHG TEOpHH NOBEALHHA MEKPOMOJIEKYT axe R pa?GH.B.T!CHHL[X pacrsopax
MoKa ellle He MOXeT OCHOBLIBATBCH Ha TOUHBIX MITH flade NpHOMHOKEHHBIX PEeLUEHBAX MHO-
TOHACTHYHbLIX KHHCTHYECKHMX ypaBHeHuﬂ B KOTOPbIX ¥ YaCTHUR! WHIKOCTH, H 3IBCHBX

MAKpOMOMEKYNEl paccMAaTPHMBAIOTCA KAK [HCKPETHEIE MHMKpPOCKOMNYECKHE YaCTHIEI,
H3-3a MATEMAaTHYECKOR CJIOMWHOCTH NpobiieMel,

KoHeyHo, wnc/IeHHble METOAbI MOJIEKYNAPHOH MUHAMMKH [O3BONAKT B NpHHIHIIC
H3AYUATh 3BOIOLMIO CHCTEM ,,IONIMMEp — PacIBOPHTENL” Ha MOMEKY/IApHOM YpOBHe, HO
M B 3TOM cJiydae BO3HHKAKT TPYIHOCTH BCACOCTRHE OrpaHHueHHBIX pecypcos IBM. Io-
3TOMY B HACTOSILEE BpeMA OCHOBHBIE TEOPHH AHHAMHYECKOTO MOBEOEHHA MaKpoOModle-
KYT B pacTBOPE PacCMAaTPHBAIOT CAMH MAKPOMOJIEKYJIB KAK IKCKPETHY MHOI'OYacTHY-
HYIO CHCTeMY, 2 KHOKOCTR — KaK CIUIOWHYIO Cpely, DOMMMIBILLYIOCT YpaBHEHHAM
rugpomsiHamuicH Hanpe — CToKca.

OnucaHue NMHAMKYECKHMX CBOHCTB MAKpPOMONEKYJibl B pa3baB/eHHOM
PACTBOpE OCHOBbIBAETCA Ha 0GoOwlenHoM quddy3HOHHOM ypaBHeHHH Kupx-
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~ IIpuBenmeM Kkpatkuit BBIBOI AHPGY3HOHHOTO YPaBHEHHA H TeH3Opa mid-
¢y3ud D) B NeKapTOBRIX KOOPAKHATAX IBCHLEB UMK, MOJIaras JUid NpOCTOThI,
YTO BCE CBAIM MATKHE H YTQ BCE B3ZMMONIEHCTBHA B IIeIH ONMCHIBANTICA TO-
TEHUMATIBHOH 3JHEPIHed U(R) Bnenerme XECTKHX CBA3¢H YCINOXKHAET BHI
muddy3HonHOro yparnerus. C [pyroil CTOPOHBI, MATKHE KOOPIMHATH! (B
OTIMYME OT MIEAILHO XECTKHX CBA3el M YITIOB) HCNOBb3YIOTCA B pALE YTipo-
WieHHBbIX THHAMHYECKHX MOJENei NONHMEPHOH et (M. HEDKE) .

OrpaHu4uMca pacCMOTPeHHEM IHHAMMYECKOH MOjieny ey 13 V ofiuHa-
KOBBIX UeHTPOB BAIKOrO CQIPOTHBIIEHIIA (38&HbEB, MOHOMEPOB, ,,GYCHH" B
monenu Kapruna — CIOHMMCKOro — 3MMMa M 1. 1.}, K&X/IBIH M3 KOTOpBIX
xapakTepuayerca koddduiueHTom TpeHHa §. Torpa u3MeneHne BO BpeMeEHH
HEPABHOBECHOR (YHKIMH pacnpencncnm ¥ (R, ¢) sapgaercs ypapHEHHEM
HEPA3PBIBHOCTH

oY/t = E 2 /0%y, p (X0 p't (1.3)
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CTOMKHOBEHU! NpH 3aAaHHOM pAcIpelenetun ¥ (R, t); v,K (r } - CKOpOCTH KHIKOCTH
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YTO OTBeYaeT BBENEHHI0 IOTEHIHAaNna OpPOYHOBCKHMX CWIL. U5p=k5Tln‘Il.
YpapHeHHsA OBIDKEHHA IUIA p-TO LEHTPd BA3KOTO CONPOTHBJICHKA MPHHU-
M2I0T BT ([ X p =Xp): S
‘;pfv,;px(,;)_fii y— 4 0L (1.4)
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[IpH [BWKEHMM 3BEHBEB LEOM B XMIKOCTH (pPacTBOPUTETE) BOIHHKAIOT
IHAPOIMHAMHYECKHE B3aHMONENCTBUA, OOYyCIOBNEHHbIE BO3MYlLUEHHEM
8v,K(rp) NMONA CKOPOCTEeH JXHAKOCTH HABHXKYIUUMHCA 3BEHBAMH NOTHMEPHOH



LenH W Nepefaued 3T0ro BO3MYILEHHA Ha [pyrue 3BeH»A. B atom ciyuae:
Vi (Fp) =V + 8V (1p) -

Touynoe peureHue THOPONHHAMHYECKOH, a TeM Gonee K aud¢y3IHOHHOM
33paYH 00 OOTCKAHMM JKHAKOCTBIO MBIKYIUHMXCA 3BEHBEB CTATHCTHYECKH
CBEDHYTOH [IOJMMEpHON Len: (HIH CTATUCTHYECKOTO aHCAMOIL Lenei ¢ pa3-
HBIMH KOHGOPMALMAMH) MpaKTHYECKH Hepeainsyemo. B paborax Knpkpyga
u PafiamaHa UCTONB30BAH MPHGIHKEHHBIH TEH30P THIPOIHHAMMYCCKHX B3a-
HMofeHCTBHHA U3eeHa, KOTOPHIA OMHCHIBALT BO3MYILUEHHE NOTOKA YacTHLEH Ha
PACCTORAHMAX, NPEBBIMIAIUINX THAPDOAWHAMHUECKHH pafMyc 4acTigki [22,
59—61). Cormacro Kupksyay n Paiismany, xawmas p-a vactuua (1M ueHTp
BASKOro conpotneicHuA — [IBC) men, mBUrasch B KUIKOCTH CO CKOPOCTbIO
¥ B Touke Tp CO3MIACT B Y[NANEHHOH TOUKE XHIIKOCTH BO3MYILEHHE. 8% JABHCA-
1nee OT CHNLI f, (rp), C KOTOpO# YaCTHIIA ACHCTBYET Ha XHAKOCTh B MAHHOM
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3necs T, , — texsop O3eeHa, a cuna f, (_r:,) PaBHa K POTHBONOIOHA 1O
3HAKY CHJIE, ¢ KOTOPOK XMIKOCTh HeftctmyeT Ha p-it UBC, 1. e.: f, (rp) =
=t [Vu,p ~Vy, v (’p)] .
Honcrasnas (1.5) B ypasHenus (1.4), naxomum:

Fuj = U j (kpT/E) (0 In W/ox,, ;) —
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Teneps Bernmunma oTHOCHTENbHOR cxopoctH. jro LIBC uemy nmo orxome-
HUI0 K HEBO3MYIIIEHHOH CKOPOCTH PACTBODHTENA VSj, T. €. X, j — v, j OKa3bl-
Ba€TCA ABHOH byHKUMEH He TOABKO CHII, MeHCTBYlonHx Ha /-1 1IBC, Ho u cu,
AedcTByIonuX Ha ApyTye [IBC (3Benss, cermentsr) uemm.

B coorsercisun ¢ ypabuennem (1.6), BEopum BB DI TEH30p 1MO-
ABIXHOCTH & f1, olipepensemniit (npk v =0) Kak R.=h_(l/§') Hf,'rue R(j) —
3N-mepHb1i 060BIEHHBIA BEKTOP CKOPOCTH 3BEHbEB; f — COOTBETCTBYIOIUMA
3A£-Mepmzﬁ OOO0IUCHKBIR BEKTOP CHA (HOTEHUHAJBHBIX M fpOoyHOBCKHX),
ZedcrByromux Ha [[BC uenu:

fu i= —-—kBT (6 In ‘F/axp, j) - (aU/axu' j)

Hammuve rupponuHaMmueckux B3aHMOJCHCTBHA [leTaeT 06061IeHHBIH
TEH30D MOJBKKHOCTH HEIHAr CHATLHBIM

Huv, 1p=08u+8i p +LTuv, jp(l—8;p)
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IMopcranoeka R u3 (1.6) B ypaBHEHHe HepaspbIBHOCTH JaeT ypaBHEHHe
Kupxeyna — Paiiamana. O6obiennbiit Tensop nuddysuu ), B COOTBETCTBUH
C COOTHOLUCHHEM JHHIITEHHA, HMEET BHL,

D = (kgT/0) H (L.7)

CooTBercrsedHo, omeparop muddysud B ypasHeHuwax (1.2) u (1.7}
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TRe cyMmupoBaHie B (L.5), (L6) u (1.8) Beserca fo noBTOPARMMMCH HHOEKCAM, NIpK-
YeM I'PCYSCKHE HHISKCBI HYMEpPYIOT KOOPJMHATEHI X, V, Z, 4 NaTHHCKHE — HOMEp JBeHa

uemn; Dy jp=KT/t)Hyy, jp.

[loTeHumansHaa 3Heprua U BKIOYaeT: NMOTEHUKANBHYKS 3Hepruio gedop-
MAllHH BajIeHTHBIX YTJIOB H CBA3eH; 3HEPrHI0 BHYTPEHHErO BPAUIEHHA M, Ha-
KOHell, 3Hepru o6beMHbIX B3auMofeHcTeur Uy, Crporoe peurenue nuddysn-
OHHOIrO YpaBHeHHsi NpAKTHUECKH 3aTpyAHeHO, NOcKoMbKyY U/ — 310 cioxHasA
HesuHeHHaA QYHKIHA OT AeKapTOBKIX KOOPIMHAT 3BeHbes uend. Hanpumep,
sHeprua U onmuchiBaeIcs KOPOTKONEHCTBYIOWHM NOTeHUmamom JlenHapn —
IbxoHca (WM nogODHBIM eMYy), 32BHCAIUMM OT B3AHMHBIX PacCTOAHHIH 3BEHD-
€8 uemH. JIpyrad TPYIOHOCTD 3aK/II0MAETCA B HE/MHEHHON 3aBUCHMOCTH TEH3O-
pa O3eeHa OT KOOPJHHAT 3BCHBEB ILETIH.

Jna pelueHHA 330aYd O OHHAMHKE LENHOHR MOJEKYIbl HCIOMb3YIOT ABa
YIpOILEHHA, PHBOOALIME K JIHHEAPH3aUHH YpaBHeHHH NBHXeHnd H nupdy-
IHOHHOI O YpaBHEHHS.

L. IlposonuTcs NpelBapHUTe/bHOE yCpeqHeHHe TeHaopa (3eeHa ¢ paBHO-
BeCHOH QyHKIMeH paclpeielIeHHs

1 1
’ Lo =T, =
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Banpoc 0 BO3MOXKHEIX HOTIPeIUHOCTAX, CBA3AHHBIX ¢ NpemycpedHeHHeM
Tenzopa (neena, oficyxaancs B paze pabot (cm. r. V, V1), B npenycpensen-
Hblit TeH3op O3eena BXOAAT cpennne (1/7 »). s LOCTATOYHO IHHHHBIX OJH-
MEPHDIX Lefledl ¢ OQHONAapamMeIpuyeciKoi ¢yHKuHMeid pacupenenenvd W{r;p)
no rjp (B TOM Yucle M OJIA rayccoBOf GYHKUMHM WM GYHKIUMHA pacnpenene-
HUA I8 UeNed ¢ 0ObeMHBIMK 3bPeKTaMy B XOpPOUMX pactBOpUTeliAX) B
dbopme [27, c. 40] -
Wi~ /(77 o) 1) Exp [—v (; ol {15 p)’/,)ﬁ]
BBITIOJTHAETCA COOTHOLIEHHE! (I/qp)A‘(rjzp)"’*.Tor a MaTpuua 7y, TpUBOJIUT-
cA K Budy: Tjp :\/571‘/[(1',?,,)%/1], rae h* = (\/127°nD)~! - napaMerp rugpo-
OHHAMHYECKOrO B3auMOJEHCTBHA; / — THIpONMHAMMYECKHH pajMyc 3BeHa
LIenH. :
Jois He cimmuxom BIM3KHX APYr K JpYry 10 UENH 3BE€HbeB (yAaTeHHBIX
Ha paccroaHme, DONbllee IUTHHLI CTATHCTHYECKOTO CEMMEHTA) BbINOJHAKICH

COOTHOIICHHA

(1.8)

(1.9)



(r Yy =C ) Elj—p (' yv—

Ihe nokasarens u=_b,5 ans O—pacmopmen-x; »=0,6 B xopotuem pacTeopurene [3,21]) ;
C(¥) nl' - napamerps, 3apucHLLIME OT BETHUMHLI 06 bEMHLIX a¢pexToB.

I. Hpyroft sran nMHeapH3auMu ypaBHeHHIt Kupkeyna — Paiismana
CBOJMTICA K BBENEHHIO KBAIHYMpyroro 3p¢exTHBHOro NOTEHUMana Usey.
B npoCTeALIHX BASKOYNPYIHX DHHAMHYECKHX MOMIENAX IIOJIHMEPHOH LienH
(» mopenn ['CL Kapruna — Cnonumckoro - Paysa), rae PaCCMaTpHBAOTCH
JABHXKEHHA ¢ MacwTaBon, OGOMBLIMM UIHHBI CTATHCTHYECKOLO CermeHTa,
MHHHMAJIGHBIH JIEMEHT MOJIE/H YK€ BBOJAT T4K, YTO OH OIIMChIBAETCH KBa-
3UYTIPYTHM  CTRTHCTHYECKHM [OTEHUHMAJIOM  (IOTEHUHAJIOM 3HTPOIHIHON
cwmt {cM. pa3nen L.1). :

B puHaMivecKHX MOOENAX NOMYXECTKHX HeMelt IUIA OMUCAHHA OBIDKeE-
HHH, MacIITab KOTOPBIX MEHBIle AJIHHBL CErMEHTA, HCTHHHAA MOTEHIHATbHAR
sHeprua U yxe He ABNseTca KBa3uyNpyroi. B aTom ciyuae pomar sddex-
THBHBIH KBa3WyTDYTHH IOTEHUMA], KOTOPbIH oOBecHeynBaer NMpaBHJIbHBIE
SHANCHHA paBHOBECHBIX CPEHHX OT MOOBIX KBAOPATHUHBIX (YHKIMA KOOD-
RHHAT UenH. Taxnm obpasom, an, obecrneyHBaeT MPaBHIIbHBIE 3HAYEHHA MO-
MCHTOB BTOpPOrO NOpANKR, OTBEYaKUIHE KOHDOPMALMOHHOA CTATHCTHKE
peaIbHOH LIelH.

CxonHad CHTYauusa BO3HUKAET H IpH PACCMOTPEHHH LieNed ¢ OO PeMHBIMY
3¢ PexTaMi. IPeKTHBHbIA KBa3UYNPYTHil ,,rayCcCOB” TOTEHIMAIT daxTHYeC-
Ky BBelleH eme B paGoTax [62, 63] mpu OmMMCAaHMH IMAPOXMHAMMYECKHX
CBOHCTB LieMedl ¢ 06beMHBIMH g eKTaMH H HCTIONB3OBATCA B HHOM dopme
A OIHCAHHA AMHAMHKH ITOJTYXeCTKHX leneii [64—67].

O6wman ¢opMa sdpdexTHBEOrO KBa3uynpyroro noreHi{mana

Uag = (M) Z Uj p iy -+ oge, -+ wyiw,) (1.10)
!

The uj, vj, wi — ApOeKUHH MHHEHHEIX INEMEHTOB JIAHHOH OHHAMMYECKON MOIENH Hemu
{cnxzelt, cyOueneft ump xecTKHX YYaCTKOB, UM OpyrHX NHHeRHBIX 3NeMEHTOB, CBS3Ibi-
BRIOHUX Y3Mbl HITH UeHTPEl BAIKOTO CONPOTHBICHHA) Ha BBLIJEEHHbLIE OCH B 1IpOCTpaH-
CTBe, BOMMHHBI Uj, Vj, Wi PABHBL Wf=Xj4 ] —Xj, Vi=¥iy |~ Y5 wi=1z; - Z7; a Xj
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HcromeaoBanue Us,g JKBHBANEHTHO WCIIONB30BAHMIO  OGOBIEHHOrO
TayCcCcoOBOro paclipelesieHus [UIA NepeMeHHBIX Xj, Vj, Zj WIH 1, v}, wy. Coritac-
HO OGIIHM CBOHCTRAM pachipefiernenun ['aycca OT HECKOMBKHX BeTHYM [30],
CYIIECTBYET IpPOCTaA CBA3b MexJly HA0OpPOM CPEHMX 1O PaBHOBECHOMY
aHcaMOmo 3HaveHuit (wjup) (WIM MATpHLUEH Vip ={ujup)) u 3HaveHHAMH
271eMeHTOB Matpuusl U, (), paccmarpuBaeMoii B popme (L10) [1.e.

an) = UQQ (uj) ,a He U3¢ (x,-)] :
(u}uﬂ) ["E‘)F(Us-:-t-:l), » - an

Takum 06pazom, 3¢pGpeK THBHBIR OTEHIMAT MOXKET GbITh [IOCTPOEH, ¢CrH
M3BECTCH 3aKOH KOpPeNAUMH OpHEHTAaUMH BIONL LEMH, T e. (Wjup)=

U, —= kgTVT

=%((ej, epz) =f(j—p). Jnn ueneit ¢ o6beMHBIMK 3 PeKTIME YIOBHO 3a1aBATh

3aKOH {rji_. pp. B 3TOM ciyvae MOXHO KHcnonb3oBath NHG0 Usg kaK ABHYIWO
YHKUMIO OT KOOpAuHat 7;, (3 He Fj—7;_1), nuGO ke mpuMeHATh HaGOp
{Ujtep), HCTIONB3YA IPOCTBIE COOTHOLUCHHA | _

upy 1) =13 [{rpe ) + (o joa) = 24r5—i0)]
B KOHTHHYaNmpHOH (IHHAMHYCCKOH) MOJIE/IH LIEIH
2 {u (0) u (s)) = Yy 107 (72 (5))/ds*] (L.in

roe Henpephmliu NEPEMEHHAA § OTCUMTBIBACT PACCTOAHHE MOCXOY TOUYKAMH BIOIIbL KOH-
TYpa LellH. '

Bun 3¢¢eKTHBHOrO MNOTEHUMANa AIA OHHAMHYeCKHX MOIENeRt lemy,
YYHTBIBAIOUMX JTHOO OrpaHHYEeRHYX THOKOCTH LielH, THOO0 06beMHEIE B3AHMO-

nedcrBusA, oficyxpaerca B ra. L
Hcnonms30Banne KBasHynpyroro (rayccoBOro) NMOTEHIHANA Beckma yao6-

HO NpH aHATH3E JIMHEHHBIX (BEKTOpHBIX) (YHKIMH OT KOOpAWHAT lemH. B
ITOM cITydYae YpaRHeHHdA JBHKEHII [JIA X; COREPXAT KOMIOHEHTH! JIHHEapH30-
BaHHOTO TeH30pa MOABIKHOCTH! g

) e dny .
x,-=—(t/:;)2ff,-p[-—aﬁ+w - | (1.12)
P

YMHOXaA 06e YaCTH YpaBHeHHH HAa W M MHTerpHpyA MO BceMy KoHdgop-
MalHMOHHOMY IpPOCTPaHCTBY, WIM BbINOIKAA 3KBHBAICHTHYIO IpOLENypYy He-
NOCPeOCTBEHHO ¢ AM($y3uoHHbIM ypaBHeHueM ([.2), MbI IONyUsM CHCTEMY
NTUHEHHBIX YpaBHEHHR U1 H3MEHEHHA BO BpeMeHH Habopa cpelTHnX

7= j W (R, .t x; (dx)

J
(wmu v = [Wudu). B
Hpu 3ToM cpenuue 3HayeHus GPOYHOBCKHX CHJI PaBHBI HYJII0 M ypaBHe-
HWA [UIA X; (WIIM Uj) HPOCTO COBNAJAKT ¢ OGBINHBIMH HAIHAMHYECKHME MeXa-
HHYECKHUMH YpaBHeHuAMH 6e3 BpOyHOBCKHX CHIT. ‘
CooTBeTcTBeHHO, U BpEeMEHa PElAKCAUHA COBMAJAIT C BPEMEHAMHK CCOT-

BETCTBYIOL(EH MeXaHUYCCKOH 3a1ayl U ONPEIEILITCA H3 CHCTEMBbI JIHHERHBIX
YpasHeRy#

X 4 (/) HUqggX =0
L0/ 3 Hyp Wap @y m Em =0
P .

(I.13
Hnu

O, N —

I‘HB:X=X(.X,,X,,...,.;N)'. ’

Hakonen, MoxHo nepeiiTi K ypasHeHusM nns npoewimi I'CLL (casei,
KECTKHX 3TIEMEHTOB) Uj = Xj 4 | — Xj W, BBIYMTAA NONAPHO YPAaBHEHUA A Xj,

HOIYYHTh

* B nocieaywupix rIaBax [pH OIHCAHKHE NHHEAHLIX BEKTOPHBIX PENTAKCAUHMOHHRIX
MpOLecCOB 3HAYOK YcpefHEHUA OMYCKAeTCA H BMECTO X/ (wm uj) MHIIETCA X} (U u,-).



by (G Y Hip 10Us¢/0xp_1) — (0Ugfoxp)] = 0 (1.14)
-~ _

HIM-
1l1+ (“’C) Z Hj' P l2 (auada/d“p) — (dUBd)‘/auP-l} S (6U3¢/6HP+1)] =0 (]15)
P

-
B Marpruroi dopme 1A BeKTOpa 0= u(y, ..., Uy) BEMeeM:
u—I— (i/1 )]fAUa¢(u)u =0

ro¢c A — MaTpHua, HHOTOA Ha3LIBacMad MaTpumesi l?ay:la.Alp =2p—6j-1,p—8j+1,p

Hcnommays ypaBHeHse HepalpbiBHOCTH (1.3) M BhIpakeHue mis CKOPOCTH

(1.13), naxoum o6obG1nenHoe NUQy3HOHHOE YPaBHEHHE [UIA [IHHAMHYECK O
MOJIe/TH LeMH C MpeyCpenHeHHbM TeH30poM (J3eeHa, BXOOAUHM B TEH30p 10~

IBIDKHOCTH, ¥ ¢ NOTEHIMANbHOA GyHKImeH Usg (x) (oM. [59 c.385,yp.17)
B MaTpHYHOH opme:

¥-3% { [ 5[ W)e(E w2

t=x, 4. 2
A OU X, i, 2 a ag (x, ¥, 2) 7]
+[ S, w2 nd ) g8 oy Lty D) (L.16)
o¢ 05 0§ d )
Jgeck a/asE =x=(9/0x,, ..., O/c_}xN) X U,q,.(x, ¥, Z) cnenyeT pacCMATPHBATE KAK

GyYHKIM© OT Xj, ¥i, Zj;

Do = [(Zuoaf 1)+ Uy 2 )
H;-p=1 (i=p); Hiyp=&Ty, (i#P)

Tip=0 /6777!)( 1/7j p) — woMINOHEHTH! npenycpem{eﬂﬂoro TeH30pa nmpommammac-
KHX Bsaumoneﬂcmun

B nocrnemyiouux riasax, HCHONe3YA pe3yJIbTaTsl HACTOALUErO pasjena
Np# M3JI0KEHHH TCOPHH JIHHEHHLIX {BeKTOPHBIX) pe/laKCALHOHHBIX CBOHCTB,
Mbl B OCHOBHOM DACCMATpPHBaEéM MEXAHHMYECKHME YPABHEHWA OBIDKEHHA Ge3
BpOYHOBCKHX CHII.



