Umk.-mex. A. B. BepxoBcrnii.

'

URTHDEXSBORRRE  TDOCTDARCTRCHRRE MEXARESM ¢ NMIREIDHYCCHANE IApHA-
DANA, OCH ROTODHX He [AJALMedbibl B HG NSDECRAIOTCA B ODEOR TOTRE,
‘ 1 e HCCHRTOBAMEE. '

(K cmamve 1 emp. uwepmeoiceii).

O0meft (opMmoit npOCTPAHCTBEHHOTO MEXAHH3MA € IHAMHIPUUECKUMHI INap-
HUpaM#, KaE WRBECTHO, fABJfeTcA ceMusBeHHHII MexanumaMm. Takofi ceMussenmiii
MeXaHU3M MomeT 00iaJaTh, Kak JIOOBIM PAcHOoI0KeHHEM OCeifi MapHUpOB Apyr
OTHOCUTEJBHO JIpyra, Tak H JOOBIM COOTHOIIEHMEM JJUH 3BEHEEB.

CBoeobpasnoe TOEA3aTeIbCTBO 3TOr0 MomHO Rafitm B cratee T. Rittershaus.
Zur heutigen schule der Kinematik. Civiling 1873 r., a Tak e B CTaThe
npo@, Maxnimesa «AHFTU3 U CHHTE3 MEXAHHU3MOB ¢ TOUKH 3PEHUA HX CTPYRTYPHI».
Wssectua T. T. . sa 1923 r. cTp. 45.

Ilepexopa & YacTHRIM CIyuyadM [IPOCTPAHCTBEHHBLIX MEXaHH3MOB ¢ IUIHHIDH-
UECKUMH IMAapHIpAMH, MOKHO YEasaTh B Toit me crarhe Rittershaus’a yxke mecru-
BBeHHEIl MeXaHu3M, KOTOpHil Oyier reflcTBHTEIbHO MEeXaHL3MOM, T. €. CHCTEMO# ¢
OfHOM cremenbp0 ¢BOOOAH IUINB UPH COOJIJIEHUE HEKOTOPHX YACTHHIX YCIOBHI.

Jaree MOKHO yEasaTh Ha, JABHO M3BECTHEI YeTHPeXsBEHHHIH MeXaHH3M, BCe
0CH KOTOpOr0 MapallelbHBl Memway co00if M Tak e 4YeTHIDeX3BEHHBI MEXaHH3M,
BCe OCH EOTOPOTo TiepecekarnTcs B OJHOH Touke. Keaum npoumssecTn MOAcYeT YCIO-
Bufi CBA3H JI4 9THX [ABYX MEXaHH3MOB 1o cucrteme mpod. Maawmmesa, (omucas-
HOofi B yEa3aHBOH BHIllE CTATHE), TO B STUX MEXAHU3MAX OKAQKETCA II0 TPH JMII-
HUX cBg3u. (QueBHIHO, U4TO B STHX MEXAHHU3VAX B CHJAY HEKOTOPHIX YACTHBIX yCIO-
BUuil 9TH JuIIHUME ¢BA3H OOpPAMAKTCA B T0i416CTBO, 14k KAk HHAUE 9TH MeXaHL3MHI
He Morad Obl 00J3laTh MOABMEHOCTHIO. B ykasamHOil ¢TarThe HTOT BONPOC MOAPAGHO
pasOupaercs.

B OuTHOCTD MO0 accHCTEHTOM, mpu kabwwere Ilpneiansofi Mexamuru ToM-
csoro Texmoaxoruueckoro HMucTuryra, Mze OBIO Npelioxeno npod. MalkmeBhIM
paceMoTpers BONPOC, ABIAKTCA JU [BA BHIIe IPUBEJIEHRHIX YeTHPEX3BEHHEBIX
M@XaHN3Ma eIMHCTBEHHO BO3MOBHLIMM WIM MOTYT CYIIeCTBOBAThL eule U JApyrue
UeTH peX3BeHHLIe IPOCTPAHCTBEHELIE MEXAHU3MBI ¢ IUAMHIPAUACKUMH - [NapHUPAMH.
OnuH u3 TakMX MEXaHHU3MOB OBLI MHOH# CKOMCTPYHPOBAH, TIpH UeM OCH ero Iap-
HUPOB NOJYYMINCH HE MAPAJIEIbHRMA M He MepecekalmuMuca B ofHofi TOURe.

Mogexs sroro mexanusMa MomHO BujeTs B Mysee Ilpmraran#oii Mexannkn
o R T

Cyxa 1m0 HApymHOMY BHIY MEXaHH3MA, YACTHRIM YCIOBHEM JId €ro MOLBU-
HOGTU ABIAIOCH PABEHCTBO IPOTHBOMOJI0KHBIX B3BEHLEB H YTIOB HAKpeCTIesa X
oceil mapaupeB B 9TUX 3BenbAX. HemocpezcTBenno He ylaBagoch BLIACHHTL K-
KAM 00pasoM TPH JIWOIHUX CBA3H B STOM MeXaHH3Me IIPeBpallalTcA B TOEIECTBO,
B CHIY 4Wero Iid 00bACEEHHA HOABHKHOCTH STOr0 MeXaHMAMa MPUIULIOCH IIpuoe-
THYTH K 0C000MY TpHEMY, BBHJE HUKECIeAyMero MaTeMaTHUYecKOro aHalusa.

Jia  yro0cTBa MB00pDAKEHHSA MEXAaHU3MA 3AMETHM, UTO Ka#mloe OTHeIbHOe
BBEHO MEeXAHH3Ma ¢ INIMHAPHYECKIMHI MIapHUPAMH MOKHO CXEMATHUYECEM HR00pa-
8ATh BBMJE HEKOTOPOIr0 OTPesKa, KOTOPHI Jo.EeH ONTh B34T PaBHEIM HaMEpaT-
yafimemy pacCcTOAHHI0 MeRLY OCAMH IPHICTAIMUX K 3BeHY NHIAHIPHICCKHX IIAp-
HHPOB, M yraa MemAy STAMH ocAMH. Tak Haupmmep, -38eH0 H300pamenHOe Ha
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4OPTEHE 1-M XAPAKTEPHBYeTCA MIHBOI CTEPMAA «U», H YIIOM MERAY 0ChI «A»' K
«B», BOTOpHIH HasoBeM OYyEBOI «o », COXpalAs B KAKIOM 3BeHe OJUHAKOBHE
KHJERKCH ¥ <Fw H «a». . :

- DBsss gernipe Takux 3BeHa MOEHO COCTABUTD, TMYTEM COBMELIEHHI oceﬁ €0-
" CeJlHMX 3BOHLEB, MEXAHH3M M300paMenHbli Ha veprexe 2-M.

llocrennuit we Gyner eme oOU(MM BHIOM YETHPEX3BEHHOTO MEXAHWHZMA, TAK
Eak JpM COCTABIEHUH €ro’ CODNIOEHO YiEe HEeK0TOpoe 9YacTHOe YCAOBHE,—IMEHHO
~ COBHAJICHHE HA OCAX MEXAHH3MA KOWIOE CMEKHKX 3BEHBES.

Ilps we cobaopeRum HTOTO YCAOBAA HONYYALTCA oﬁumﬁ BUJ YETHPEX3BEH-
HOTO MEXanusMa u300paWEeHHOT0 HA UepT. 3-M.

Sanaveit HACTOAMIEH paﬁo'rm ABIALTCA MCCACKOBAHYME MEX3BUBMA H300PAMEH-
HOrO Ha uepr. 2. :

TOOBTRA  HCCTGIOBATH MEXAHEZM n300pakenHpli Ha vepr. 3-M OnAA - He-
VAa9¥Rl TAR KUK UPH €ro aHaju3e NOAYYAfTCA HE PeMUMEEe YpaBHeHuS BHICO-
RUX cTeneHel ; :

Jaa ynoberea mccreZoBaHMA PasodbeM MEXAHHUSM IOKA3aHHHA Ha Yepr. 2-M
Ha . JBe 4aCTH Tag, uYTO0H B Kamkao# 9acrd Oblid OM 1O ABa CMEMHHIX 3BCHA.
Ramnyrw us stux qac'reﬂ nepeseceM B LPAMOYTOABHNE CHCTeMH KOODLUIAT, TARk
YTOOR OCh OCTARIIAACH MEEIY CTEPRHAMA COBMECTUIACH ¢ OCBIO Y, 4 CaMH cTef-
ARY gerar B 1iockoeth X OZ npu ueM oi@H 8. cTepmHed COBMECTHICA o6 ¢
0CHI0 A

Takoe COBMEN[ERUe OPEACTABIGHHO Ha MepT. 4-M M 5-m. Jua T0ro 4rofec
ATH KBE MACTH MeXaHUSMa CHOBO MOKHO ORJNO CIOENHTH B OXHO IEI0e KeOOXOAWMO
OXROBPEMEHHOE COBXIOJCHUE CHENYIOMAX YCAoBMi:

teed L A e D
,_{_C e 1)

C=/10C ..'.......»..(111)
LtA::LtA s ek SRR e h

(B srux gopuyrax «t» H «i'» paccTosuue MemAY KOHIAME SBCHLEB).

Hpome Toro uroOu moayueHHad TAEEM 0OpagoM cucTeMa Obiia OBl MEXABMS-
MOM, T. €. 00Iajada UOABHIEHOCTHIO, HEOOX0RuMO uTOGH J10 Epained Mepe OLHO
i3 HAlUCAHHERIX yp‘maennﬁ COAGPEKANO BEANTHHEL, EOTOPEE Morin Ovt ORTDH IEpe-
MOHBRIMH.

Tenepx, 3ala4a CBOJWICA E HAXO0KIGHHI 3aBUCHMOCTEHR MCIEAY HEH3BECTHBIME
- ATHX yp&BEBHHﬁ B [HOCTOAHHRIMHK SJICMEHTaM#i 3BCHEEB T. €. ANHBHBIMEA CTBpKiHBﬁ
H yriaMu MemXIy CMEXHMMU OCAMH SBeHLEB, 3aTeM NyTeM KCEIINICeHNA HEEOTO-
PHX FEUSBECTHRIX HaUTH YCHOBHSA KOTOphIM HOXEHH  VIOBICTBOPATH HIASMEHTHI
SEEHBOB. :

- lIpeodpasyen yp-une 1.
Yz geprexa 4 m 5 cremyer:

2=r2}r,? —-—‘)I‘!l Cosob;tt=rv ’—}—r‘ —)rsr.COSmd [ BUPABHUBAA
«t» £ «tls moxyumm

r4r?—2rr;Coseb=r4r?—2rr,Cos0d. . . . ...,(1-3-)

B OTOM yp-HHH BMECTO IEPEMEHHBIX «t» B «i'» BBEJEHEE HOBRIE [EPEMOHHLIC
«ob» u «wd» (B¢ 06a3aTRIBHO parusie Mewny cofoil).

Jaa npeoﬁpasomﬁm yp-ﬂm I Bocnonmyemm TpEMA Tpurom)MeTpuqecxwuu
COOTHOMICHUAMIE,
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:tCOsCAmCosAX(,osCX—}«(JosAYCosCY—{—CosA CosCZ . (1)
Cos2AX+Cos AY+Cios2A£-1 N sy omake):

W H3 YCIOBHA nepneﬂnnmympnocm ocH A K crepmnm Ty MOXYYaEM ‘TpeThe €o-
OTHOMERNC.

*Cosr,X(‘osAX ’rCoswaosAA_-O 0E Bk i (3)

B cuny cosmenienns HEKOTODHIX *91EMEHTOB SBEHBEB € OCAMH noopgmu«u'
6YAEM MMETL:
: Coa.CX:Sman2 i
Cos AY = Cos a, _
Cos CY = Cos a» SRR R T L
Cos CZ=0 " L
Cosr, X=Sinwb

. Hogcrapran s1e sEasenus B yp-nua (1) (2) # (3) UepenamuM BX Tan:

CosCA=7-AXBiney3#Cosa, Cosas . . . . . . . (1=3) "
Cos? A X--Cos?a, ~+-CostAZ =1 . . wivs s ; .,1(2-34} .
~~Sin®b CosAX +Cosoh CosAZ=0 . . . . . . (3-a)
I/[:} yp-aug (3-a mmeem: : '
2 Ois - T _V,tCosw.bCosAZ"
Din® b
Wi
Cos A X — v:—%‘?fﬁl—(— ¢ duEE el
_ U3 yp-nua (2-3) ompeneaun Cos A Z:
CosAZ==+)1—Cos?a, —Cos? AX . . . .. ... (6
S Weckauaa ns yp-ana (4) 1 (5) Cos AZ noayanm: i
Cos KeXo == Sina Bosmw b o 0t dr selniia g, (e
Honcuramum HOJYYeHHOE RHAYeHHe Cos AX B yp-uue (1-a) mafizem: :
Cos CA ==*Sina, Cosmbﬁmag, Cosay Commg . 4 178 (B)

AHOJOTHYHBIM OGp&-iOM BO Llopoﬁ vyactn Mexamuama Aaa Cos A' (' mafien
‘Cos A"C =—===Binqa, Sin'a, Cos0d ==Cos'aCosa; . . . 4" (‘))
Jdaa yposaersopenust yciaosua 11 npmpaBnubaeM yp-kme' {(B) 1. {97 i
== 3in «, Sina, Cos © b+-Cos a; Cog a,— +Sin a, Sin ¢, Cos ® d.:*: Cos a, Cos a, (11-a)
,zl‘omee ;{Jm NpeoOpasoBARNA YEAOBUA I un IV" HMeeM:
- CostC= = Cost X0 CE v uia .".,._f:.;;"(-_;O)A,
ABa APYIHX YJeHQ HPONataloT MOTOMY - uTo:
FHHONSE] : CostY=0 u CosCZ=0
Joassyacy pasencrsaMu (4) mpeoGpasyem yp-Hue (.10")" : :
CostC==CostXS8ina, . ; . . gyrg a-(i0:8)
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UpaBuuBad yp-aue (16) ¢ (19) upu uyem B yp-ouu (16) BOSMEeM SHAYGHHA
Cos’ARYCOB  PABHOCTH, MONYYHM:
Sina,Sina, ® 1,71,

i 3t DRI
SIn e, Sin o, I

Hoayuuaocsh, nepsoe yp-uue, K0Topoe cmsmaaermemny c0o00il  TMOCTOSHHBIS
AXCMEHTH MeXaHH3Ma.

Teneps mcrsouad u3 yp-HuA (I ay u (ILa) Cosob u pemrag HX OTHOCH-
TeasEs Cos o d momyama: :

e
] el e L

% Ao 3 , R it X « e ¥
T ~=Cos a, Cos @, ~=C0s a, Cos a, == Sin o, Sin a, 21, 1y ‘@)
¥ Hetiab i ’
Sin a, Sin @, -~ —*—- Sin a, Sin a, »
175
2

Tag war upasad YacTh MOAYYCHHOTO YPABHEHHSA COCTOHT HCEIWUHTENLHO U3
BEAVYWH XAPAKTEPURYVONINX HEHBMEHACMBIE 3MeMEHTH MeXaHu3Ma, a JeBad Joi-
A2 OHTb BeXWUMHON nepeMenHO#, Tak KAk B Hee BIXOAUT usMeHseMuil yrox eod,
TO QS YAOBIETBOPEHHS TOr0 yelIORUA HeoBXOoiMMO 4TOOM IIpaBad dYacTh IIpef-

oo 0
cTawfana us cebd HEOUPENeAGHHNCTH BHIZ - - HIH —— .
- o ) 0
UcranapauBadgch Ha NMOCReAHEll HeOTpeJeJICHHOCTH, TAk Kak IepBasg HEe JaeT
HBTEPACHLIX PE3YABTATOR, IPUPABRACM MHCINTENA 1 BHaMerareld yp-Had (21) Byao:

. STl R AR
Iy ’r, 1,7 I

% = Yoo ke , = \ ek —f Q3 % L35 »' S SNl RS St e a5
= Cos ay Cos a, == Cos a, Cos a, == Sina, Sin a, o =0 (22)
i s 4
“
5111 o, Dl e (23)
Sin a, Sin oz2 o ’

M Tak uMeeM Il0EQ XA PENICHHA TOCTABIeHHOH sagaun Tpu yp-nug: (20),
(22) m (23). Ho aro emie He Bece yp-HUH., Tak Kak WX He JOCTATOYHO JA €o0II0-
JOHAA eINe OJHOTO VCHOBUA, — HE DACXOXIENHNA KOHIOB CMEeKALX 3BEHHEB HA
ocax A n C. .

Takoro pacxoiaenud Ha ocax D 1 D mpomsolity He MoOkeT, Tak KAk KOHIIBI
SBEHBEB HA YTHX OCAX GOBMEUIPHRL ¢ HadyajoM Roopingar. Jisd npuBeicHAS B
‘ragoe woromesme ocel A m C pasniesuy mexauusm 1o apyruM ocam. Eean pazge-
A4TH MexaHusM He 1o ocam A w C, a no ccam B u D u nppojexaTs TOT-%®e ca-
MEE BHBOL, TO HOIVIAM €Ie TPH COBEDPIIeHO anOJOUMYHBIX yp-aHdg,

Sine, Sing, 1,1y el (24)
Sina, Sine, 11,
Y t 31 Ly o T _g ; 1'32 — ]"42 PEES, 1"12 3 <
= Cox o, Cos a, == Cos a, Cos a; == Sin «, Sin o, - == 0 {5
2P :
. ihet St | ;

_ - Sina, bma, _Taly (26
- Sing, Sine,"  r, 1

; Laguy  00pasoM 104y9uA0ch INECTH YPABHCHHI CBASMIBAOIIAX BOCEMb 9ie-
MEHTOB MOGXQHH3Ma; Tak YT0 B OOIEM CiyYae BO3MOKHO BaNATHCA MPOUBBOALHO
TOALKO ABYMdA BSJAGMEHTaMM, a SHAUCHHE OCTAJIbHKX NOJAYYATHCA H3 YPaBHEHUIL.
Pemenne B o0meM BUe 9THX YpaBAEHME HPHBOJIUT K YPABHEHHAM BHICOKHX CTe-
neEell AeMOIAKMAXCS PEMEHWo, H EPOMe TOI0 He BXOAUT B HOCTABAGHHYI
3a0amy. -
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3&113.’1& KaE TOBOPHIOCH, SaRNNYACTCA B TOM, 'ITOGLI MaTeMaTHYeCckd JORa-
3aTh ImlIBHJRHOCTb perraragMoro MexaHusMa.

Jaa 8TOTO BUAOMBMEHHM HECKOILEO MOJXYICHHHE YpaBHEHU .
IlepeMao®asa u jeaa ypaegenuda (20) u (23) umoaywnm:

Sina, T, ? L
el e A e A R PR N e
Sin ozl 1 .
Sin a :
gtz b?Il By 12 L S SR e v
Bifisty - o7

"Hlepemmomaa u feia yp-mus (24) H (26) monyuny: .

. o Sing Ty (29)
s M
Sing, T :
St : (30)
Sina, r,

Tenmeps BMecTo UPERHHX WECTH yp-HEil @MeeT mecTsh: (22) (25) (27) (28)
(29) (30). ‘

Beinre  ykaselBajaoch, 4TO NpPELIOTAEMAii MEeXaHH3M 00Jajaer PaBeCTBOM
APOTHBUILIOAOKHRX CTepiuefi, T. e r,=r, I'y==T,, & Tak &Ke PaBPHCTBOM YIIOB
Me&AY OCAMH B HPOTHEOMONOEHLIX 3BEHbAX, T. €. & ==, U Uy = d,.

He rpyano Bujers, yro, OpH 9THX COOTHOWEHMAX MERIY DIEMEHTaMH MEXa-
HE3M2, BCe [IeCThb Yp-HUll y10BAETBOPSIOTCA; UeM MATEMATHUECKH AOKA3BIBASTCHA
MOABUKBOCTD PACCMATPUBAEMOTO MEXAHURNA.

Ypasuenue (27) (28) (29) (30) ykassBaoT, 4T0 [IUHH cTepmHeu OTHO-
CATCA EsE Sin’ YCH JTJI0B MEELY 0CAMU B TeX Ee 3BEHbAX.

Iloxpsysach aTuM, He TPYARO H3 PACCMOTPEMHOTO0 MeXaHH3Ma IMOJYYHTH, EaK
YACTHBEI cayuail, MeXaHusM ¢ TMapallelbHHIMH OCAMH HIM MHAYE TOBOPS ILIOCKMH
YeTHIPEXBREHAKH MeXaHusM.

JJs 9TOTO  yrul 3BeHKEB, YTCOEL 0SM CTAIN MAPALICIBHE CHEIYeT IPUPAB-
HEATH BYJIO, T. e. :

. g, Ty T Qe 0,

Torpa mo upemneMy YIOBISTBOpAIOTCA ypaBHeHud (22) v (23), 3 U3 ypas-
HeHuA (27) (28) (29) (30) 3agayaeM, 4T0 OTHOIIGHHE cTepxHell NperpamiaeTcs

0 ’
B HEOIIPEJNeNEHHOCTD BH}L‘d,-a— , ClejoBaTeibHO OHM BCE MOLYT OBITH BHﬁp&HbI npors-

BOIbHON pumER Bee 9T0 Kak MBBECTHO, geﬁcmmeam&nmem MECTO B TIOCKHX
UETHPEX3BEHHBIX MeXaHU3Max.

Axg wonyueHus MeXaHUBMA € OCAMH, TNEPeceKanmuMuca B OJHOHE TO4ke
Heo0X0UMO, KAk He TPYAHO BaMETHTh, TPUPARHATh JAUAH cTepREell Hyao, T. e.

K== r,=0 %

Torpa ypabrenus (22) u (25) T4k ®e JIOBIETBODAIOICA, 2 U3 UTHIPEX
IpyTuX YpaBBenuil nakaovaeM, 4To OTHOIEHHA SIN’ycuB YrIOB IIPEBPAmIAETCA B
HeOnpeleJeHHOCTD, CIEHOBATEABHO TakOH MEeXaHU3M BO3MOKEH NpPH M0OHX yraax
o Tak ke, KAk HIBECTHO BIOJEE CIIPABELIHBO. :

MexanusMm uz00paimenniii Ha (Uepr. 2) uMeeT ABA BHJa: NePBEA-—OTRpH-
TRl ¥ Biopofi— «nepekpectnmii».  Tor wan uA0H BHA 00ycioBAEBAETCA BHIOOPOM
BBAKOB B INECTH TPUBEICHHHX yparHEHHAX. ; ;

MexanusMbl 976X JIBYX BUJOB MOFYT HepejaBarh Bpanmenbﬁoe IBABEHAC
MEEIY IBYMA HAREDECTIeHAMHAMH OCAMY.
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v Toano Tak &e, wak ¥ B mWapuupe ['ysa, 31ech OyieT OTCYICTBOBATH PABHO -
MEpEOCTb Hepelady, T. €. TPU PABHOMEDHOM BPAIIEHIN SBEHA, CIYEAMAM BELY-
MM EPHBOMIUIIAM, [OJNYYaeTcs HepaBHOMEDPHOE BpalleHIle BeIOMOTO LPHBOIIUIIA.
BuBox ypasuenuid CBA3WBAMINHX CEOPOCTH HE [peAcraBideT TpyjHOCTEH, HO
rRAxy OOAbWOH AIMAK 316Ch YOYCRACTCA.

Wurepecpo eme OTMeTHTb, 4TO 00a OMUCAHHLIX BHAQ MEXaHH3Ma He HMET
WOPTBBIX TOYEK.

(Obpamasch - Tenepb K MeXaHN3MY, H200pakensoMy Ha (Uepr. 3), anajus
KOTOPOTO He YIAJXOCh [IPOMBBPCTH, CJACNYET BAMETHTH, Ur0, KAL NOKABAIH MOCTPOCH-
HEE MOJAeIH, OF NpPH HEROTOPHIX BHAUEHUAX DIEMEHTOB 3BRHLEB BOsMOKeH  Jnd
HeT0 JOMKHH OHTh COOA0IGHL Bee TPeGoBAHUA LPEIbABIAEMEE K MeXaHH3MY
‘PACCMOTPEHHOMY paHee M KpovMe TOro AOMKHO OWThL BEIIOJHEHO PaBEHCTBD OTpes-
Kok 00pasyeMuX EORIAME cTepikiell Wa NpPOTHBOUOJOKHLIX OCAX.

JTa CTAThd He OPUBIA MOTHOTO aHAMu3a ONHCAHHAX MEXAHU3MOB, TIpej-
AaTAeT COBEPUIEHHO HOBHl ueTEIPeXsBeHHHI MeXamisM M ykaswBier Ha®ro BayT-
DEFEICI) CBA3H ¢ OPEKZe UBBECTHHIMM YeTHIPEX3REHHLIME MEeXaHM3MAMH,



