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1. INTRODUCTION

1.1 Dynamic — static orthoses/splints

The terms dynamic and static are often used in splint
classifications. This terminology leads to confusion.
Immobilization and mobilization splints are more
appropriate terms. [1], Dynamic splints are often considered
to be used for improving range of motion (ROM), however
static splints by maintaining a joint in end range are also
efficient in increasing ROM.

1.2 This chapter presents the orthoses we recommend.
At wrist level to:

Increase ROM;

Improve hand function in radial palsy.

At forearm level to:

Increase pro-supination.

At elbow level to:

Increase ROM.

2. GENERALITIES ON ORTHOSES TO INCREASE ROM

Since they can be worn for many hours, day and night,
orthoses represent an unique tool in the rehabilitation
techniques armamentarium.

2.1 Duration of wear : TERT : Total End Range Time

Brand's work [2], have shown that ROM increase
results not from tissue stretching but from slow cellular
growth as realized in orthodontics or skin expanders. Brand
recommended a 22 H. wearing time out of 24 H. The time
necessary for soft tissue remodeling. Flowers and La Stayo
in 1994 proposed the term “TERT”, total end range time ie
maintaining the joint in maximum acceptable position for
a given duration [3].

2.2 Force adjustment

A too important and poorly spread force can cause
tissue compression, necrosis, pressure sore.

Too important a force can tear fragile scar tissue and
cause new scar tissue formation. Too important a force
is algogenic, triggers nociceptive defense reflexes which
provoke a reflex contractions of muscles protecting the
joint, the ROM of which needs to be increased.

Too weak force is non-efficient.

Most authors agree on minimum and maximum values
ranging from 50 gm to 400 gm [4]. As shown by Reswick's
time - intensity curve [5]. An important force can be
tolerated for a few minutes a weak one for several days.

2.3 Night and day application

Extension postures are well tolerated and can be
maintained all night long. On the contrary, flexion
postures are poorly tolerated. Wrist and finger flexion
decreases blood supply, increases intra carpal tunnel
pressure, compresses the median nerve. . Important
wrist flexion triggers nociceptive reflexes and can even
start a chronic regional pain syndrome (CRPS) Elbow

flexion hinders blood return and compresses the ulnar
nerve at level of medial condyle. Flexion postures
should be applied for shorter durations, repeated several
time during the day.

2.4 Force application modes

Many splint concepts exist, they are all based on one of
the four application modes which enable increasing ROM [6].

2.4.1 DYNAMIC: the applied force is continuous.
Limits of the dynamic mode are a force too weak,
inefficient, and a force too intense, untolerable which
maintains inflammation and even creates new scar injury
and nociceptive reaction.

2.4.2 DYNASTATIC: applied force is dynamic up to
a given angle at which point it stops acting due to spring
adjustment or contact with a block. At this stage the splint
becomes a resting splint. The dynastatic mode risks less
creating nociceptive reactions than the dynamic mode. It
requires more frequent adjustment.

2.4.3 SERIAL STATIC: it is best known as Brand's
serial casting. Serial static is recognized as the most
efficient mode in case of severe stiffness. A circular cast
spreads pressure evenly and cannot be removed by the
patient. It enables a TERT application during 24 H. or
more. Its inconvenients are: non removability of splint
for activities of daily living (ADL) and time consumption
caused by cast / splint removal and making a new one or
remodeling a thermoplastic splint (Fig. 1).

2.4.4 PROGRESSIVE STATIC: it follows the serial
static mode but uses a splint adjustable by the patient. Any
splint designed to be dynamic is easily modified into static
progressive by changing the elastic traction by one like
Velcro, buckle, turnbuckle etc. adjustable by the patient

(Fig. 2).
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Fig. 1. Serial casting/splinting is efficient but time
consuming.

2.5 Choice of traction mode

Choosing traction mode is based on healing phases and
stiffness clinical evaluation.

2.5.1 Choice of traction mode based on healing phase

During the inflammatory phase (+/- 4 days), static
mode is obviously applied. During fibroplasia or scar
tissue growth (+/- 3 weeks) dynamic and progressive static
modes can be both used. During scar tissue remodeling (up
to 6 months and more), serial static and progressive static
modes are the most efficient [7].

2.5.2 Choice of traction mode based on stiffness clinical
evaluation:

2.5.2.1 Hard end feel - soft end feel

This notion is based on Cyriax work. When resistance to
passive mobilisation at end range of a stiff joint is felt as supple
(soft end feel), it means that stiffness is moderate. Dynamic
and progressive static action modes are indicated. On the

Fig. 2. A fixed hinged splint prevents full flexion and extension

contrary, when the resistance at end range is felt as a block,
it entails a severe stiffness. Serial static and static progressive
action modes are indicated. This evaluation is subjective.

2.5.2.2 Torque Angle Curve: TAC

Brand [8] for a more objective evaluation proposed
to measure at the same time passive range of motion,
PROM, and the torque necessary to bring the joint at a
given PROM. Progressive increase of the applied torque
is measured by a dynamometer placed between the bony
lever and the therapist handhold. For instance 40° at 200
gr. Numbers of the PROM in degrees and torque in grams
reported on a sheet represent a tension-PROM curve.

This curve is interpreted as : The most regular the
increase of the curve, the least severe the stiffness. The
most vertical the curve the least the soft tissue "give", the
more severe the stiffness. The choice of mobilization splint
action mode is identical to Hard end - soft end feel.

3. JOINT AXIS AND FIXED AXIS HINGED SPLINTS

Wrist and elbow biomechanics are complex. Rotation
centers move during movement. Due to the obliquity of
joint axes and the asymmetrical — cam-like - shape of
articular surfaces all movements are diagonal and spiral in
character as shown by Kabat. It is impossible to reproduce
these axes on a splint placed on one or several joints. Any
hinged splint with fixed, constrained axes will actually
prevent full ROM. Double axis hinged splints improve
ROM but still prevent full extension-flexion (Fig. 2).

When designing an orthosis one should plan "floating
axes". This is made by incorporating swiveling, pivoting,
pressure and counter pressure cuffs which constantly
adapt to the position of body parts.

3.1 "Accordion effect" of body part during flexion
and extension

The distance measured on the dorsal aspect of forearm
from fingers tip to elbow decreases during finger-wrist
extension and increases during flexion and reciprocally for

Bonpocul peadbunumayuu 6 mpasmamonoz2uu u opmoneouu

the palmar aspect. A fixed hinged splint with circular cuffs
molded on hand and forearm or any other part cannot adapt
to anatomical structures length modification.

A constrained or semi constrained hinges splint with
circular cuffs can be useful to stabilize a joint however it
prevents full range of motion in extension and in flexion.

One should make a splint which adapts to segment
length modifications during flexion and extension by
gliding on proximal or distal segment soft tissues.

3.2 Physiological joint movement, position of
pressure and counter pressure cuffs

Any joint motion is composed of rotation and glide.
Tendon insertions are located at the base of the bone
which move the joint. Physiological motion act through
short lever arm. It "pulls" the joint into flexion or
extension. On the contrary passive mobilization acts
through long lever arm, it "pushes" the bony lever. It
creates rotation but no glide. Cartilage compression and
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algogenic traction on capsule-ligamentous structures
result from PROM. Corrective forces should be applied
as close as possible to joint axis. At wrist and elbow
level force application mode represents a double lever

of the second order, the mechanical example of which
is the nutcracker.

Counter pressure cuff should be placed as close as
possible to joint axis, at best on either side of it.

4. ORTHOSIS CONCEPTION

For the patient a splint should be discrete, easy and
obvious to adjust, allow function during ADL. For the
therapist the splint should be made once for all and require
minimal adjustment.

These prerequisites incite us to recommend custom
made, metal frame dynamic or progressive static splint
which are easily adjusted by bending the frame. This
design is based on the "lively splint" concept introduced
by Capener [9] et Whynn Parry [10], revisited by adding
swiveling pressure and counter pressure cuffs. Distal
and proximal thermoplastic cuffs pivot on the metal
frame, remaining parallel to segments so as to spread
pressures evenly and always apply a force perpendicular
to the segment. Counter pressure cuff made of conforming
material is placed over the target joint. Such splint enable
covering the complete range of motion from full flexion
to full extension by simply bending the metal frame. The
metal frame concept can be used equally for improving
extension and flexion at wrist and elbow level and also
radial or ulnar deviation (Fig. 3).

Fig. 3. A metal frame allows Rom from full flexion to full
extension

5. METAL FRAME SPLINT TO IMPROVE WRIST ROM

5.1 Fabrication of metal frame splint

5.1.1 Necessary tools

To form the metal frame: heavy gauge wire cutters,
vise, bending jig.

To form and coil piano wire: Rescap jig, or bending jig.

5.1.2 Necessary materials: thermoplastic 1.6 or 2 mm
thick

For dynamic wrist splints: piano wire 2.5 mm. gauge.
For dynamic elbow splints: 2.5 to 3mm. gauge.

Fig. 4. Coiling a spring with Rescap jig

For progressive static splints: stainless steel welding
rod (TIG) 2.5 mm. to 3 mm gauge.

Leather or fabric for counter pressure cuff. Neoprene
cement. Pressure sensitive hook velcro, 25 mm wide, loop
velcro 25 mm and 50 mm wide.

Eventually a sewing machine to stitch adjustment
straps on the counter pressure cuff.

5.2 Fabrication of the frame: metal rod is modeled to
anatomical contour by bending it with a vise or bending
jig. Without coiled springs the splint is progressive static,
as with coiled springs it is dynamic. Springs are coiled
thanks to the «Rescap» bending jig or a Thom’s bending
jig (Fig. 4, 5, 6).

Fig. 5. Forming the metal frame with a bending jig
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Fig. 6. Components of a progressive static metal frames splint

5.3 Fabrication of the wrist splint

A gauntlet is modelled on the hand.

It should not impair wrist flexion or extension.

Gauntlet is fixed to frame by a piece of thermoplastic
material. The gauntlet pivots around the metal frame. The
proximal ends of the frame are laminated into the proximal
thermoplastic cuff. The proximal cuff is maintained against
the forearm by a 5 cm. wide strap of loop velcro. Dorsal
counter pressure cuff is made out of leather, leatherette or
fabric glued to the frame over wrist dorsal aspect (Fig. 7).

Fig. 7. Metal frame dynamic wrist extension splint

5.4 Splint tension adjustment

With or without springs, progressive adjustment of
extension is realized by bending the metal frame at wrist level.

5.5 Concept Adaptation to various pathologies

When finger and wrist extension is indicated as for a
spastic hand or muscle-tendon adhesions, the gauntlet can
be replaced by a static palmar trough/gutter or by adjoining
a dynamic low profile apparatus allowing independent
finger extension (Fig. 8).

Fig. 8. A palmar trough is added to improve finger and wrist
extension for a Volkmann syndrome

5.6 Improvement of wrist flexion, ulnar and radial
deviation

The same concept is adaptable to improving flexion,
ulnar and radial deviation (Fig. 9).

Fig. 9. Splint to improve radial deviation

6. ORTHOSES TO IMPROVE PRONO SUPINATION

6.1 Many concepts exist. The simplest one was
described by Othiers.

However since it requires immobilizing the upper limb
in a sling, it does not allow hand use during ADL (Fig. 10).

6.2 Van Ledde [11] proposed a simple splint made
of two static parts: one maintaining the elbow in 90° of
flexion, the second the wrist and hand in neutral position.
A derotation strap wraped around the wrist splint rotates
the forearm toward the elbow splint. Depending on the
derotation, it acts on supination or pronation (Fig. 11).

6.3 Thomas' splint acts through an actuator both
adjustable in pro and supination as well as in wrist traction.
The actuator is fixed to a proximal brachial cuff and a
gauntlet. The advantage of this splint is the possibility
of passing from supination to pronation and adjusting
rotation torque without removing the splint. It allows hand
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use during most ADL (Fig. 12).
\ "2

Fig. 10. Othiers' dynamic prono supination splint
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Fig. 12. Thom's prono supination splint. The actuator enables
passing from supination to pronation and adjusting the rotation
torque without removing the splint while assuring joint traction

Fig. 11. Van Ledde' progressive static prono supination splint

7. RADIAL PALSIES SPLINTS

According to literature the most efficient radial palsy
splints are the Granger and Radial bis [12].

For both said splints the metal frame concepts is used
friendly.

7.1 Granger's splint

Fingers hang from the frame at P1 level by leather rings
which do not hinder hand holds. Relaxing finger flexors
induces MCP and wrist extension. During grip the wrist is
stabilize by the wrist cuff. It is sometimes necessary to add
a thumb extension device made out of piano wire. Fingers
are not independent. This excellent concept is indicated for
workers who do not need individual finger extension (Fig. 13).

Fig. 13. Granger's splint improved by adding thumb extension

8. METAL FRAME SPLINTS TO IMPROVE ELBOW EXTENSION "ELBOW CAPENER SPLINT"

The metal frame concept with pivoting pressure
and counter pressure cuffs is particurlarly adapted to
regaining elbow extension. It is actually with serial casting
the only concept which does not hinders mechanically
regaining full elbow extension.The metal frame is made
as already described. Without coiled springs the splint acts
as progressive static, with coiled springs it is dynamic.
Tension adjustment is made at counter pressure cuff level.
Counter pressure cuff made out of conforming leather or
fabric is placed ideally over the olecranon or close to it

depending on pathology (Fig. 14). Fig 14. Elbow's «Capener». Note that all pressure and counter
pressure cuffs pivot around the frame

9. METAL FRAME SPLINTS TO IMPROVE ELBOW FLEXION "elbow reversed Capener flexion splint"

This concept can be used from 0° to 90° of elbow  should be replaced by a splint which "pulls" the wrist
flexion. After this angle it will hinder full flexion and directly toward the shoulder (Fig. 15).

Fig. 15. Total elbow flexion splint. Progressive
static traction adjusted by velcro pulls the
forearm toward the shoulder
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10. CONCLUSION

Wrist and elbow extension mobilization splints can
be worn for many hours. Thus they are one of the most
efficient rehabilitation tools.

Ideally custom made depending on pathology they
enable improving ROM, orienting healing processes, and

improving function.

However and specially at wrist level where it is
preferable to have a pain free and stable joint rather than
a mobile an painful one, one should know when to stop
improving ROM.

1. BBEAEHHUE

1.1 CratonmHaMu4ecKue OpTe3bl/IIUHbI

TepMUHBI IMHAMUYECKUI U CTaTUYECKUI YacTO HUCIIONb-
3YI0T B KJIacCU(UKalMsIX MKH. Takasi TepPMUHOJIOTHS IPUBO-
JIIT K IyTaHune. boriee BepHO Ha3pIBATh X MMMOOMIIH3AIIH-
OHHBIMH ¥ MOOWJT3aIIMOHHBIMHY IHaMH [ 1]. YacTo cunTaror,
YTO AMHAMMYECKHE IIUHBI HaJI0 MCIOIb30BaTh JUIsl yBEIUYe-
HUs 00pEMa rkeHnit (ROM), OTHAKO CTAaTUYECKUC IIHHBI,
TIOJUIEPKNBast JOCTUTHYTHIH 00BEM ABIKEHNH B CyCTaBe, He-
penko Toxe 3¢ dexTHBHEI B I1aHe yBeanueHnss ROM.

1.2 B nanHO# paboTe MpeacTaBIeHbl PEKOMEHAYEMEIC

HaMH OpTE3HI.

Ha ypoBHe ;1y4e3ansicTHOro cycTaBa OHH obecrevu-
BalOT cieayloniee:

— yBennuuBaroT ROM,;

— yIyqmaoT QYHKIUIO KUCTU MPH TapaIiye JIy4eBOTo
HepBa.

Ha ypoBHe npeamieubs:

— TOBBIIIAIOT IIPOHANHNIO, CYITHHALHIO.

— Ha YPOBHE JIOKTEBOI'O CyCTaBa:

— yBennuuBaroT ROM.

2. OBIIME ITOJIOXEHMN A 110 OPTE3MPOBAHUIO JIJIA1 YBEJIMYEHN A ROM

[TockonbKy opTe3sl MOXKHO HOCHUTh B T€UEHHE JUTUTENb-
HOTO BPEMEHH, U THEM, ¥ HOYBIO, OHH SIBIIIOTCS YHUKAIb-
HBIM CPEICTBOM B apCeHalle METOANK PeaOMIINTAIIHH.

2.1 IIpononxurenbHocts HomeHnusi: TERT (Total
End Range Time): o01ee BpeMsi KOHEYHOT0 00bEMa

B pa6ore Brand [2] moka3ano, uto yBenmnmueane ROM
SIBIISICTCSL HE PE3yJIbTaTOM PACTSDHKCHUS TKaHEH, a ckopee
pe3yabTaToM MEIJIEHHOr0 KJIETOYHOTO POCTa, Kak Ipo-
HUCXOAUT B OPTOAOHTUM WJIM TIPU NPHUMCHCHHUU KOXKHBIX
skcrianaepos. bpana (Brand) pekoMeHoBa HOCUTh HX B
TedeHue 22 4acoB B CYTKH. DTOT MEPHUO]] BDEMEHU HE00XO0-
JIUM JUISL pEMOZICTIMPOBaHUs MITKUX TKaHel. B 1994 rony
Flowers u La Stayo mpeioxii mojas30BaThCsl TEPMIHOM
“TERT” (oOmmiee BpeMs KOHEYHOTO 00bEMA), T.€., TIONACP-
JKaHHE CycTaBa B MAKCHMAJbHO MTPUEMIIEMOM ITOJIOKESHUHU
B TEUCHHE 33JaHHOTO Teprosia BpeMeHH [3].

2.2 PeryaupoBKa CHJIbI

CrumkoM OoipInasi ¥ HEMPABWIBHO TPHIIOKEHHAS
cHJIa MOXKET TIPUBECTH K CAABICHUIO (KOMIPECCHUU) TKa-
Hell, HeKpo3y, 00pa30BaHUIO MPOJICHKHEH.

CrnuikoM OoJbIINe NPUIOKEHHBIE YCUIMSA CIIOCOOHBI
MOBPEIUTh KHEKHYIO» PYOIIOBYIO TKaHb M CIIOCOOCTBOBATH
00pa3oBaHUIO HOBOI pyO1IOBO#M TKaHH. KpoMe Toro, cituii-
KOM OOJTbINIAs CHJIa OKa3bIBACT AITOTCHHOE JCWCTBHE, HHU-
UHUPYET HOUUIICTITHBHBIC 3alIUTHBIC Pe(IICKCHI, KOTOPEIC
BBI3BIBAIOT PEQICKTOPHBIC COKPAIICHHUS MBIIII, TPHBOIS-
X B IBMOKeHHE cycTaB, ROM KOTOpOTro HA/I0 YBEITHIHTb.

[IpunokeHue CIUIIKOM CIa0BIX YCHIIMH SIBISECTCS He-
3¢ PEKTHBHBIM.

BonpmMHCTBO aBTOPOB CXOAWTCS BO MHEHHH OTHOCH-
TEJIBHO TOTO, YTO MUHUMAJIbHBIE X MAKCUMAJIbHBIC 3HAUYCHUS
CHJIBI TOJDKHBI BapbipoBath oT 50 110 400 1 [4]. Kak BuHO 110
KpUBOH 3aBUCHMOCTH BPEMEHU OT MHTEHCHBHOCTH (KpHBas
Reswick) [5], 6omblive yCHITHsS MOXKHO TPHJIararh B TCUCHUE
HECKOJIbKUX MHHYT, CJla0ble — B TEUCHUE HECKOJILKUX JTHEH.

2.3 [IpuMeHeHNe OPTE30B B HOYHOE U ITHEBHOE BpeMsl

[Monoxkenue pasrndaHus XOpOLIO MEPEHOCUTCS OOJb-
HBIMH, WX MOXHO ITOJICP’KUBAaTh BCIO HOYb. HampoTwus,
MOJIOKEHUE CTHOAHHS TIEPEHOCHUTCS MAMEHTAMH TLUTOXO.
CrubaHue Iyde3ansiCTHOTO CyCcTaBa U HaJIbI[eB YMEHBIIIACT
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KpOBOCHAO)KeHHE, MOBBINIAET JaBJICHNE B MHTPaKapallb-
HOM TYHHENE, CIaBJIMBacT CPEeAWHHBIN HepB. CuipHOE
crubaHue 3asCThs HHUITUHPYET HOIUIICTITHBHEIE pediek-
CBI M MOXKET JaK€ BBI3BAaTh XPOHUYCCKUH PETHOHAIBHBIN
6onesoii cuagpom (CRPS). Crubanue B IOKTEBOM CyCTaBe
MeEIIaeT OTTOKY KPOBH W CIOABIMBAET JIOKTEBOH HEpB Ha
YpOBHE MeAuanbHOro Mbimienka. [lomoxeHnne crubaHus
HaJI0 TOJIICP)KMBATh B TeUeHHE 00JIee KOPOTKOTO BPEMEH!
U MTOBTOPSATH MPOLIEAYPY HECKOJIBKO Pa3 B TEUCHUE JTHSL.

2.4 Cioco0bl NPUJIOKEHUST CHITbI

Cy1iecTByeT MHOTO KOHIICTILIMH 110 IPUMEHEHHUIO IIHH,
BCE OHM OCHOBaHBI Ha OJIHOM M3 YETBHIPEX CIIOCOOOB IpH-
JIOKEHUS CHUIIbI, 00eCIIeunBarOIKX MmoBbimenne ROM [6].

2.4.1 luHaMU4YeCKUI: pUIaraeMasi Cuiia BO3IEHCTBY-
eT mocTOSTHHO. OTpaHNYeHU TMHAMIYIESCKOTO crioco0a 3a-
KITFOYAIOTCS B CICAYIOMIEM: YCHIIHMS SIBIISIOTCSI CIHIIKOM
cmabbpiMu, Hed(PPEKTUBHBIMU WM JK€ CIIHMIIKOM HWHTEH-
CUBHBIMH, TIOXO IEPEHOCUMBIMH, CTIOCOOCTBYSI Pa3BUTHIO
BOCHAJICHUSI M JOake (DOPMHPOBAHHIO HOBOH pyOIIOBOI
TKaHU 1 TOSIBJICHUIO HOLMICTITUBHOW peaKIyy.

2.4.2 CraromuHaMHUCCKUH: TpHiaracMasl cCuia sBiIs-
eTcs AMHAMUYECKOH, MOKa He JOCTUTaeT 3aJaHHOTO 3Ha-
YEHUs, TI0CJIE Yero ee BO3JECHCTBHE MpeKpalaeTcs MmyTeM
NIPY’>KUHHOW PETYJIMPOBKH WM OnokupoBaHus. Ha sTom
JTare MIMHA CTAHOBHUTCS MHEPTHOMN, HE OKa3bIBasi HUKAKOTO
Bo3zeicTByA. [Ipy craromMHAMUYecKoM criocobe MeHbIIe
TIPOSIBIISTFOTCS. HOLUIICTITHBHBIC PEAKIINH, YeM IIPH TUHAMH-
geckoM. OnHaKo OH TpelyeT OoJiee YacTON perymupOBKH.

2.4.3 TlocnegoBarenbHBIM CTAaTHYECKHAN: TAKOW CIIO-
co0 Goree W3BECTEH Kak ITOCIIECAOBATEIbHOE TUIICOBAHHUE
no bpanmy (Brand). IlocnmemoBaTenbHbIN CTaTWdecKul
cnoco6 cyruraercsi caMbiM 3P(EKTHBHBIM CIOCOOOM MpH
BBIPQXEHHON TyronmoABWXHOCTU. l{upKkynsipHas TuIco-
Bas IOBSI3Ka PABHOMEPHO pacIpeleNsieT AaBlIeHue. JTOT
cnoco6 pomyckaer TERT B teuenne 24 yacoB nim Gonee.
Heyno0cTBa 3T0T0 Crioco0a 3akIro9aloTcst B CIIETYIONIEM:
HEBO3MO)KHOCTh CHSITHS IIWHBI [IPU TIOBCEHEBHOMN aKTHB-
Hoct (ADL) u 3arpara BpeMeHH Ha CHSATHE THIICA/ITHHBI
1 TTOTOTOBKY HOBOH WIJIM Ha PEMOJICITHPOBAHIE TEPMOTLIA-
CTHYECKOH muHEHI (puc. 1).
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Puc. 1. IlocnenoBarenbHOE THIICOBAHKE/IIMHUPOBAHUE SIBIISCT-
cs1 9 (HheKTHBHBIM, HO TPEOYIOIIUM BPEMEHH.

2.4.4 TlocTeneHHbIH CTaTHYECKUIT: HATIOMUHAET ITOCIIe-
JIOBaTEJIbHBIN CTATHYSCKUI CIIOCO0, HO MPH 3TOM HCIIOJIb-
3yeTcsl LIMHA, PeryJaupyeMas caMuM maiueHToM. Jrooyro
LIMHY, pa3paOb0oTaHHYIO Il AMHAMUYECKOTO BO3/IEHCTBYS,
MOXHO JICTKO MO)II/I(bI/I]_[I/IpoBaT]) B HIMHY IOCTEIICHHOT'O
CTaTHYECKOTO BO3JICHCTBHS, 3aMEHUB YIPYIYIO TPaKIHIO
Ha BBITSDKEHHE C IPIMEHEHUEM JIEHTHI Velcro, ckoObl (x0-
MYTa), CTSDKHOM My(ThI M APYTUX IPUCIIOCOONICHNH, pery-
JUPYEMBIX CAMUM ITAUCHTOM (pHC. 2).

Puc. 2. ®ukcupyemas mapHupHas IIHHA OPENSTCTBYET MOIHO-
My CTHOQHUIO ¥ Pa3THOAHHIO

2.5 Bb160p cnoco0a BbITSAKEHUS

[Tpn BBIOOpE cHOCOOa BBITSDKEHUS! PYKOBOJACTBYIOTCS
KIIMHUYECKOM OIEHKOW TyTrONO/IBM)KHOCTH U STAIoM Jieye-
HUSI, Ha KOTOPOM OHO BBITTOJTHSETCH.

2.5.1 Bb10op cniocoda BbITSIZKEHUS 3ABHCUT OT 3Tana
3aKUBJICHUS

Ha srane Bocnanenus (+ 4 mHSA) Bcerga MpUMEHSETCS
crarnueckuii crnoco6. [Ipu ¢ubpormiazuun wmm pocre pyo-
I[OBOM TKaHU (+3 Helenn) MOXXHO NPUMEHSTh KaK THHAMH-
YECKHUH, TaK U MOCTETICHHBIH cTaTH4eCcKuii criocod. [Ipu pe-
MOJIENTMPOBaHUN PyOIIOBOi TKaHu (110 6 MecsueB u Oornee)
HanOosnee 3(pQEKTUBHBIMU SBISIOTCS IOCIEA0BATEIIBHBIN
CTaTUYECKHUI U MOCTEMEHHBIN CTaTHYECKUH CITOCOOBI [7].

2.5.2 BpiOop cnoco0a BBITSZKEHUSI HA OCHOBE KJIH-
HHY€ECKOH OLIEHKH TYTOMOABHKHOCTH

2.5.2.1 OmyumeHue KECTKOr0 KOHEYHOro 00béma —
olylIeHHe MSTKOro KOHe4HOro oobéma

Oto noHsATHE OCHOBaHO Ha padorax L{upuakca (Cyriax).
Korma conporuBiieHre macCHBHOW MOOMIN3AINH TIPHA KO-
HEYHOM OOBEME TYTOMOABMKHOTO CyCTaBa OIIYINACTCs
MOAATIUBEIM (YIIPYyTuM) (OIIyIIEHHE MATKOTO KOHEYHOTO
06béMma) /mo Lluprakcy 370, 1o Bcell BEpOSITHOCTH, — YIIPY-
U yIIop/, 3TO 03HAYAET, YTO TYTOMOABHKHOCTD SIBIISIETCS
yMepeHHOH. B naHHOM city4ae moka3aHo NpUMEHEHHE JTU-
HaMHUY€ECKOTO M IIOCTENIEHHOTO CTaTHYECKOTo Criocoda Bo3-
nevictBus. U, HanpoTHB, KOTIa CONPOTHBIIEHHE ITPU KOHEY-
HOM 00BEMeE omIyIaeTcsi B BUaE OJOKa/Ibl, 3TO yKa3bIBacT
Ha TSDKEIMYIO TYTONOIBIKHOCTB. B 3TOM ciydae mokasa-
HBI MOCJIEA0BATENbHBIA CTATHYECKUI U CTaTHYECKUIl MO-
CTEINEHHBIA CIIOCOOBI BO3MEMCTBU. Takast OI€HKa HOCHUT
CyOBEKTHBHEII XapakTep.

2.5.2.2 Kpuasa yria ckpyuyuBanusi: TAC (Torque
Angle Curve)

s Gomee oObekTHBHOM oneHku Brand [8] mpemio-
JKUJT TAKXKE OMPENENATh U MACCUBHBINA 00BEM JBHKCHUH,
PROM, a Tarke KpyTAIIMHA MOMEHT, HEOOXOAMMBIN JUISt
NIpUBEJICHUSI CycTaBa B JeiicTBue mpu 3agaHHOM PROM.
[TocrenenHoe yBenuueHWE MPHUIOKEHHOTO KPYTSILETo
MOMEHTA OIPEAEIACTCS TUHAMOMETPOM, YCTAaHOBICHHBIM
MEXIY pbluaroM KOCTH U pykol Bpaua. K mpumepy, 40°
pu 200 r. [IpuBenennsie nokazatenu PROM B rpagycax u
KpPYTAMAHA MOMEHT B TPaMMaXx IPEICTaBISIOT COO0H KpH-
BYIO 3aBHCHMOCTH pacTsokerne — PROM.

OTa KpHUBast HHTEPIPETUPYETCS CIACSTYIOLIUM 00pa3oM:
HanboJee TON0Troe YBEINUCHUE KPUBOM, HANMEHEE TKE-
Jasi TyronoABMKHOCTh. Hanbosee BepTukanbHas Kpupas,
HauMeHbInas "ormaya" MATKUX TKaHel, Oojee Tskémas
TYTOIOJBIKHOCTb. BBIOOp crocoba Bo3nedcTBUST MOOH-
JIU3alMOHHON IIMHOW MAEGHTHYEH OIIYIIEHUIO JKECTKOTO-
MSITKOTO KOHEYHOTO 00BEMa.

3.0Cb CYCTABA U ®PMKCHUPOBAHHBIE HIAPHMPHBIE IIMHBI JI51 OCHU

bromexaHnKa JIy4e3arsiCTHOTO U JJOKTEBOTO CyCTaBOB
sBIsieTCS CHOKHOW. [lpu WX JBMXKEHHMM NepeMeniaroT-
Cs UEHTPHl poTanuu. M3-3a HaKIIOHHOTO PaCIOJIOXKEHHS
CYCTaBHBIX OCE€il W acUMMMeTpHU4HOI (TpedHeoOpa3Hoi)
(hOpMBI CyCTaBHBIX TOBEPXHOCTEH BCE JIBH)KCHUS TI0 CBO-
€My XapaKTepy SBJSIOTCS JHArOHAIBHBIMHA M BUHTOO0pa3-
HBIMH, Kak moka3an Kabat. Ha mne, ycTaHOBICHHOH Ha
OJTHOM WJIM HECKOJIbKMX CyCTaBaX, HEBO3MOXKHO BOCIIPO-
W3BECTH 3TH OocH. J[to0as mapHHUpHas muHA ¢ QUKCHPO-
BaHHBIMHA OTPAHUYCHHBIMH (BBIHY)KICHHO CO3IaHHBIMH)
ocsiMu  (aKTHIECKH OyIeT NpPensTCTBOBAaTh MOIHOMY

ROM. IllapHupHBIE MIUHBI C ABOHHOW OCBIO YIIy4IIAIOT
ROM, HO BcE€ xe MpensTCTBYIOT MOJHOMY Pa3ruOaHHio-
crubanuio (puc. 2).

IIpu Koncmpyupoeanuu opmesa HAO0 NIAHUPOGAMD
coz0anue '"mnasarouwux ocei'. Imo obecneuueaemcs
6KII04EHUEM NOBOPAUUGCAIOWIUXCA, PAULAIOULUXCA MAHIICE-
MOK, MAHJICEMOK OA6JIEHUA U NPOMUEOOAEICHUA, KOMOPbIE
HOCMOAHHO A0ANMUPYIOMCA K ROONCEHUIO Yacmell mend.

3.1 "¢ dexT akkopaeoHna' yacTu Tesia Npu cruda-
HHUH ¥ pa3rubaHnu

PaccrosiHue, onpenensemMoe Ha 10pcanbHOM MOBEPX-
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JKypHan KnnmHu4Yeckom n akcnepumeHTansHom optoneaumn um. I.A. Mnuzaposa Ne 1, 2016 r.

HOCTH TIpENIUICYbsS OT KOHYHMKOB MajJbLEB A0 JIOKT,
YMEHBIIIAETCS] TIPH pa3rHOaHWM MaNbLEB U 3aIsACThi U
yYBEITMYMBACTCA NPHU CTHOAaHWH, a Ha JAJOHHOW CTOpO-
He — HaoOopoT. PuKCHUpOBaHHAs MIAPHUPHAs LIMHA C
HUPKYJISIPHBIME MaH)XeTKaMH, C()OPMOBAaHHBIMU Ha KH-
CTH U MIpeATUIeYbe WU Ha KaKOW-TM00 Ipyroi 4yacTu, He
MOXKCET aZalTUPOBATHCAd K U3MCHCHUIO JJIMHBI aHATOMMU-
YECKUX CTPYKTYP.

OrpanuyeHHass WIN TOJNyOrpaHUYEHHAs IIapHUPHAs
LIMHA ¢ IUPKYISIPHBIMUA MAaH)KETKAMH MOXKET IIPUTOAUTHCS
JUIsl cTabWIn3anny, HO OHa MPENSITCTBYET MTOJHOMY 00b-
&My IBWKEHUH MpH pa3rnOaHuy ¥ CrHOaHuH.

Crnemyet co3nars MIKMHY, KOTOpas Moryia OBl aganTHpO-
BaTbCsl K M3MEHEHHAM IUTMHBI CETMEHTOB IIPH CTHOaHWHU
1 pa3ruOaHuy MOCPEICTBOM CKOJIBXEHHS 10 MATKHAM TKa-
HSIM [IPOKCUMAJIBHOTO WJIM AUCTAJIBHOTO CETMEHTA.

3.2 ®usuoJ0ruvecKoe JABHKEeHHE CYCTABOB, MOJIO-
JKeHHe MaHKeTOK JaBJIeHHs U MPOTHBOAABJIEHHS

JIBIkeHue Mo00ro cycraBa COCTOMT U3 POTALMHU U CKOJIb-
KeHns. B cBSI3W ¢ aHaTOMHUYEeCKIMH OCOOEHHOCTSIMH (DH3HO-
JIOTHYECKOE JIBIKCHHE MPOHMCXOAUT depe3 KOPOTKOE IIIeU0
pbruara. OHo "TsiHeT" (BOBJIEKAET) CYCTaB B aKT CrUOaHMS WK
pasrubanmsi. 1, Ha000poT, maccBHOE IBIKEHUE OCYIIECTBIIS-
ercsl Yepe3 JUIMHHOE IUIEYO pblyara, OHO "TONKAeT" KOCTHBIM
pbryar, obecreunBasi POTALHIO, HO HE CKOIbKeHue. Pesyrbra-
ToM PROM sBnsiercst cnaBnenne (KOMIpeccus) Xpsia i aj-
TOTreHHas TPAKILMS KaICYJIbHO-CBA304YHbIX CTPYKTYp. Koppuru-
PYIOIIHE YCHIIHS HEOOXOIMMO MPHJIAraTh Kak MOYKHO OJTKe K
cycraBHOH ocu. Crioco0 MpHIIOXKEHHS! CHITBI HA yPOBHE JTyde3a-
ISICTHOTO U JIOKTEBOTO CYCTaBa IPE/ICTABISET COOOH IBOHHOM
pbIYar BTOPOro Hopsi/ika, MEXaHUIECKUM NIPHMEPOM KOTOPOTO
ABIIACTCS TIPUCTIOCOONIEHUE IS pacKalbIBaHUS OpexoB. MaH-
KETKY IIPOTHBOJABIICHHS HAJIO PACIIONaraTh Kak MOXHO Onrke
K CyCTaBHOM OCH, JIyUlll€ BCETO C Ka)K10i CTOPOHBI.

4. KOHIEIIINMA OPTE3MPOBAHU A

[luna momkHa OBITH pa3fAenbHON (AUCKPETHOI), 00e-
crieunBarh (GpyHKIHMOHAIBHOCTD TIpH ADL, jierko u noxst-
HO JUIs NIALMEHTA PEeryJlnpoBarbcs. Takas IKMHA JOJDKHA
OBITh clieNlaHa pa3 ¥ HaBceraa 1 TpeboBaTh MUHUMAaJIbHOM
PETYJIIMPOBKH.

OTH mpeaBapuUTeNbHbIE YCIOBUS CHOCOOCTBYIOT TOMY,
YTOOBI MOPEKOMEH/IOBATh M3TOTOBJICHHBIC Ha 3aKa3 METall-
JIMYECKUE KapKaCHBIE IIMHBI AMHAMUYECKOTO HIIH MOCTETICH-
HOTO CTaTHYECKOTO BO3/ICUCTBHS, KOTOPBIE JIETKO PEryInpy-
FOTCS TIPH CTHOAHMM Kapkaca. Takas KOHCTPYKIMSI OCHOBaHa
Ha KOHIICTIIMM "KWBOW IMHEI", KOTOpyro BBeim Capener
[9] » Whynn Parry [10], ycoBepIlleHCTBOBAHHOM B ILIaHE
JOOaBIIEHHUsI TTOBOPAYMBAIOIIMXCS MAH)KETOK JaBICHHS U
TMPOTHUBOaBJICHUA. I[I/ICTaJ'IBHI)Ie U MPOKCUMAJIbHBIE TCPMO-
TUIACTUYCCKUE MAaHKCTKU IMMOBOPAYMUBAIOTCA HA MCTAJIMYC-
CKOM KapKace, OCTaBasiCh MapaJlIelbHBIMH CETMEHTaM, 3a
CYET Yero JaBjieHUE PACTIPECIISIETCs] PABHOMEPHO, & YCHIIHUS
BCEIJIa PUJIaratoTCst IEpIeHANKY/IIPHO CErMeHTy. Mamxer-
Ka TPOTHBOJABIICHNS, CACIAHHAS 3 COOTBETCTBYIOIIETO Ma-
Tepuasia, HaKJIaabIBaeTCsl Ha HY)KHBIH cycTaB. Takas mmHa
JTAET BO3MOXKHOCTh OCYILIECTBUTH BECh OOBEM JIBIDKEHHUH OT
TIOJTHOTO CTHOAHMS 10 TIOJTHOTO Pa3rHOaHMs IPOCTO CrHoda-
HMEM METaJUTMYECKOro Kapkaca. KOHIEMo Merasuiide-

CKOTO KapKaca MOKHO HCITIOJIb30BaTh B PABHOM CTCIICHU Kak
JUTSL YAYYIICHUST pa3THOaHusl U CTHOAHUS HA YPOBHE JTyde-
3aIIICTHOTO U JIOKTEBOIO CYCTaBOB, @ TaKXKe /ISl KOPPEKIIMU
OTKJIOHEHUI! JTyueBOM WM JIOKTEBOM KOCTH (pHcC. 3).

Puc. 3. Merammueckuii kapkac obecrieanBaer ROM ot nonHo-
To crubaHust 10 MOJTHOTO Pa3THOAHUS

5. METAJIJIMYECKA I KAPKACHAS IMHA JIJIA VIIVUIIEHWA ROM B TIYUE3AIISICTHOM CYCTABE

5.1 U3roroBiieHne MeTALINYECKONH KAPKACHON IIMHBI

5.1.1 Heo0xonuMble HHCTPYMEHTBI

Jns GpopMupoBaHHS METAJUIMYECKOTO Kapkaca: Ky-
CavKH JJIsl MPOBOJIOKU OOJIBIIIOTO JTUaMeTpa, TUCKH (Kiie-
M), 3aKUMHOE TPHUCTOCOONeHNe (HAMpPaBUTENb) s
crubaHus.

s opMupOBaHUsI 1 HAMATHIBAHUS POSTBHOM MPOBO-
JIOKU: 3aKMMHOE Ipucrocobienue Rescap wiu npucroco-
OreHue JJIsl CruOaHmst.

5.1.2 Heo6xoanMble MaTepHAJIbI: TEPMOILIACTUK TOJI-
mUHOH 1,6 mmu 2 MM.

Jnst AMHaMUYeCKUX MIMH JTy4e3arsCTHOTO CyCcTaBa: po-
sUIbHAs MIPOBOJIOKA pazMepoM 2,5 MM. [l TuHaMu4ecKux
IIMH JIOKTEBOTO CyCTaBa: POSUIbHAsI IPOBOJIOKA Pa3MEpOM
oT 2,5 10 3 MM.

J17151 HOCTENEHHBIX CTATHYECKUX LIMH: CTEPKEHb U3 He-
prkaBeroIe cranu Uit ceapku MetooM TIG pazmepom oT
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2,5 10 3 MM.

Koxa mnu TKaHb AN MaHXETKH NPOTHUBOIABICHHUS.
Heomnpenossiit nement (Neoprene). UyBCTBUTENBHBIM K
JIABJICHUIO KPIOUOK Ha JIMIy4eH JICHTe LIHMPUHON 25 MM,
HeTIs Ha JIMMy4yel JeHTe mupuHoi 25 MM u 50 mm.

W, nakoHen, mBeiHas MalllMHKA JJIs IPUIIMBAHUS Pe-
T'YJIMPOBOYHBIX JIIMOK (peMHEl) Ha MaH)XeTKe IPOTHBO-
JIaBIICHUSI.

5.2 U3roroBjieHne Kapkaca: MOJACIUPYIOT METAILIH-
YECKUH CTep)KeHb, YTOOBI MPUIATh €My aHATOMHYECKUI
KOHTYp HOCPEACTBOM CTHOaHUS C IMOMOIIBIO THCKOB HIIH
3KMMHOTO TIpUcIiocoOeHus s crubdanus. be3 cimpaiib-
HOW NPY>KUHBI IIUHA SBISETCS MOCTETIEHHONW CTaTUYECKOiA,
a IIPYU HaJIM4YUU CIMPAIbHON IPYKUHBI — JUHAMUYECKOM.
[Tpy>uHBI HAMaTBIBAIOT C IOMOUIBIO IPHUCIIOCOONICHHS
quiss crubanus «Rescap» wmnm npucnocobnennss Thom
(puc. 4, 5, 6).
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OH He OJDKeH MeIaTh HA CTHOAHUIO, HU Pa3THOaHUIO.

OTOT KOMIIOHEHT (HUKCHPYETCS K KapKacy OTpPE3KOM
TEPMOITIACTUYECKOTO MaTepHajla ¥ BpAIlaeTcsi BOKPYT
Hero. [IpokcumasbHbIe KOHI[BI KapKaca paszessiioTesi, 00-
pa3ys NMPOKCUMAJIBHYIO TEPMOIUIACTHYECKYIO MAaH>KETKY.
[IpokcumasbHas MaHKETKa MOJJNCPKUBACTCA Ha TMpea-
IJieybe JIIMKOM MEeTIN Ha JUIy4Yke HupuHo 5 cm. Jlop-

calbHas MaHXETKa MPOTUBOAABICHUS AETAETCS U3 KOXKH,
UCKYCCTBEHHOM KOXU UM TKaHU, KOTOpasi IPUKJIEUBACTCA
K KapKacy Ha JJOpcaJbHON ITOBEPXHOCTH 3a1ICThs (puc. 7).

Puc. 7. Merannuyeckast KapkacHasi JWHaMHU4ecKas IIMHA JUIS
pasrubaHus JTy4e3arsCTHOTO CyCTaBa

5.4 PeryaupoBKa HATSIKeHUS IIUHBI

[Ipn HanM4My NPYKHUH WK Oe3 HUX ITOCTETICHHOE pe-
I'YIMpOBaHHE pPA3TMOaHMs BBIIONHACTCS IIOCPESACTBOM
crubaHus METaJUIMYECKOTO KapKaca Ha yPOBHE 3aIsICThS.

5.5 KoHuenuus ajanTanuy K pasJIM4HbIM IIATOJOTUsIM

B rex ciyuasx, korna parubaHue Noka3zaHo NpH Cria-
CTMYECKON KHCTH WJIM MBIIIEYHO-CYXOXKMIBHBIX air€3UsX,
BEPXHUII KOMIOHEHT (pacTpy0) MOXKHO 3aMeHSTH (op-
MHPOBAaHHEM CTAaTHUYECKOW JIaJIOHHON BBIEMKH/TIa3a WIN
JIOTIONHATD JNHAMHUYECKUM HH3KOIIPO(QHIBHBIM YCTPO-
CTBOM, JAIOIIMM BO3MOXHOCTb CAMOCTOSITETIBHO PAa3TH-

Puc. 5. dopMupoBaHHE METAIMYECKOTO KapKaca, MCIOJb3ys Oarb nanbwpl (puc. 8).
pUcrocoOIeHne 11 CrudaHus

Puc. 8. JlagoHnas BeleMKa 100aBIsAeTCA B LEIAX YIyYIICHHS
pasrubaHus MaIbLEB U JTy4e3arsiCTHOTO CyCTaBa IPH CHHAPOME
®donpkmana (Volkmann)

5.6 YiayumieHue cruGaHusi 3anscTbs, KOPPeKLMs

Puc. 6. KoMITOHEHTBI KapKaCHOMW LIMHBI MOCTETIEHHOTO CTaTHye- z . . .
CKOTO BO3JICHCTBHS AeBHALIUM JIOKTCBOH M JTYYE€BOU KOCTECH

Ta sxe camasi KOHIICTIIUS MOIXOMUT IS YITydIICHHs
CrubaHusl 3aMsCThsl, KOPPEKIMH JAEBUALIUM JIOKTEBOU H JTy-
4eBoil kocTel (puc. 9).

5.3 U3roToBJieHne IHHbI IS JTy4e3ansicCTHOIO CycTaBa
BepxHuit koMnoHEHT (pacTpy0) MIMHBI MOICITUPYETCS
Ha pYyKe.
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Puc. 9. llluna 15151 KOppEKLUU UCKPUBIIEHHS JTy4eBOH
KOCTH

6. OPTE3BI IJIA VIIVUIIEHW A ITPOHAIITMU-CYIIMHALIUN

6.1 CymectByer MHOTO KoHIenuii. CaMyIo MPOCTYIO
ormmcain Othiers.

Ho, mockonbky oHa TpebyeT MMMOOMITH3AINH BEpXHEH
KOHEYHOCTH MOJIJIEPKUBAIOILIECH MOBSA3KOU, TO HE JAET BO3-
MOXKHOCTH TIOJIB30BaThCs KucThio pu ADL (puc. 10).

Puc. 10. Junamuueckas mmua Othiers a1 KOppeKIuy mpoHa-
LMU-CYTNHALNH

6.2 Van Ledde [11] npeanoxun mpocTyro MIMHY, cae-
JIAHHYTO U3 IBYX CTATHIECKUX YaCTEH: O/THA MOAIEPKUBACT
JIOKTEBOM CYCTaB B IOJIOKEHUH CTHOaHUS 1mof yriioM 90°,
BTOpasi MOANCPKHUBACT 3aIICTEE M KUCTh B HEHTPAIbHOM
nonokeHuu. Jlssmka Ui geporanmy, oOEpHyTash BOKPYT
IIMHBI 3aILICThs, IOBOPAYMBAET IPEAILIEYbE B CTOPOHY
LIMHBI JIOKTEBOTO CycTaBa. B 3aBHCHMOCTH OT JepoTranuu
OHa BJIHMSIET Ha CYITUHAIMIO WK NpoHawuio (puc. 11).

6.3 Illuna Thomas Bo3aeHCTBYET Yepe3 MPHUBOJ, Pery-
JMPYEMBIH KaK JJIsl KOPPEKIMH NPOHAIMH, TaK U JUIs Cy-
MIUHAIWH, a TaKXKe JUIS TPaKIHH JIy9e3aIsICTHOTO CyCcTaBa.
[TpuBox ¢puKcupyeTcst K MPOKCUMAIbHON YaCTH IICUeBOM
MaHXeTKH MW K pacTpyOy mmHbl. [IpemmyiecTBo 3Toi
IIMHBI 3aKJII0YAETCS B TOM, YTO MOXHO MEPEXOJHUTH OT Cy-

MUHAIWMN K IPOHALWMU M PETyIHPOBaTh BPAINAIOMINANA MO-
MEHT POTaIid, He CHUMas muHy. OHa MO3BOJISET MOIB30-
BaThCSl KUCTHIO TIpH OombinHCTBE BUA0oB ADL (puc. 12).

Puc. 11. [lluna Van Ledde amnst nocTeneHHO#M CTaTHYECKOH MPo-
HOCYTUHALIUI

Puc. 12. llnna Thom anst xoppekimy npoHocynuHauu. Ipu-
BOJ| TIO3BOJIAET TEPEXOAUTh OT CYNUHALMHK K MPOHAIMH U pe-
TYIMpPOBaTh POTALMOHHBIN BpAIAIOMIUM MOMEHT, HE CHUMAs
IIMHY, HO 00eCTe4nBast TPAKIHIO CyCTaBa

7. IIMHBI ITPU ITAPAJIMYAX JIYVHEBOI'O HEPBA

CoracHo JaHHBIM JIUTEPATyphl, caMbiMH d(dexTrB-
HBIMHU IIMHAMH IIPH Mapajiyax JIy4eBOro HepBa SBISIOTCS
ekl Granger u Radial bis [12].

Jns o0enx Ha3BaHHBIX IIMH XOPOLIO MOAXOIUT KOH-
LENIH METAJUIMYECKOTo KapKaca.

7.1 lllnna Granger

IManbuel cBemMBarOTCs ¢ Kapkaca Ha ypoBHe P1 Ha ko-
KaHBIX KOJIBIIAX, KOTOPHIE HE MEIIAIOT ICHCTBUSM KHCTH.

Bonpocul peadbunumayuu 6 mpasmamonoz2uu u opmoneouu

Paccabnenue crudareneii manples HHIYIHPYET pa3ruoa-
Hre MCP u 3ansictes. [lpu 3axBare 3amsicTbe CTaOMITH3H-
pyercs 3amscTHOW MamXkeTKoil. MHorna Bo3HUKaeT HeoO-
XOJMMOCTH J1I00aBIISITh pUCIIOCOONIEHHE sl pa3rudaHus
OOJIBIIOTO TTaJIbIIA, CIETaHHOE U3 POSUIEHON ITPOBOJIOKH.
[Tanbub! He ABIAIOTCS U30IMPOBAaHHBIMU. JTa MPEKpacHast
KOHIIETIIMS TIOKa3aHa AJisl pabOTHUKOB, KOTOPBIM HE Tpe-
OyeTcs MHIUBUAYabHOE pasrudaHue manpies (puc. 13).
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Puc. 13. [ITuna Granger, ycoBepIICHCTBOBaHHAS 10OaBICH-
HBIM TIPUCIIOCOOJICHHEM JUIsl pa3THOaHus OOJIBIIOTO Mablia
KHCTH

8. METAJINIMYECKHME KAPKACHBIE INWHBI AJ14 VIIVUIIEHUA PASTUBAHU A IOKTEBOT'O CYCTABA
"IHMHA CAPENER JJIS1 JIOKTA"

KoHnenmuss MeTamindecKkoro Kapkaca ¢ Bpalmar-
OIUMHUCS MaHXETKaMH NaBJICHUS W TMPOTHBOAABICHU
0COOEHHO MOAXOAUT JJIsl BO30OHOBJICHHUS pa3ruOaHus
JIOKTEBOTO CycTaBa. JTO, (aKTHUYECKH, eIUHCTBEHHAs
KOHIIEMIUS C IOCIEI0BATENbLHLIM T'HIICOBAHUEM, KOTO-
pas He MeliaeT MEXaHHYEeCKH BO30OHOBJICHHUIO MOJHO-
ro pasrubaHus B JIOKTEBOM cycTaBe. MeTaJlTMuecKHi
Kapkac clellaH TakK, Kak yxe Obuto ommcano. be3 Ha-
MaTBIBaHUS MPYKUHBI IIITHA BO3JIEHCTBYET MOCTEIMEHHO
CTaTUYECKH, IPU HAMATHIBAHWH — IMHAMHYCCKHU. Pery-
JMUPOBKA HATSDKCHHS BBITIONHICTCS HAa YPOBHE MaHKET-
KU TPOTHUBOAABICHHS. MaHKETKY INPOTHBOJABICHUS,
CIeTaHHYI0 W3 COOTBETCTBYIONICH KOXH WM TKaHH,
JydIIe BCETO pa3Memarh Ha JOKTEBOM OTPOCTKE HIIH

PSAIOM C HUM, B 3aBUCUMOCTH OT NaTojioruu (puc. 14).

. v
e el M,

Puc 14. lluna Capener s 10kts1. Clienyer OTMETUTB, YTO BCE
MaHXEeTKH JaBJI€HHS U IPOTUBOABICHUS BPAILAIOTCS BOKPYT
Kapkaca

9. METAJIULIMYECKUE KAPKACHBIE ITMHBI JIJIA VIIVUINEHWUSA CTUBAHUA B JJIOKTEBOM CYCTABE
"IHMHA CAPENER OBPATHOI'O JEMCTBUA 1J1s1 CTUBAHUSA JIOKTA"

DTy KOHIEMIUIO MOXHO HCIOJIB30BaTh JJIsl CrUOaHusI
noktst o1 0° o 90°. Ecnu yron Oymer Oomnbiiie, mHa OyaeT
MeIaTh MOJIHOMY CrUOaHHIO, U € HeOOXOIUMO 3aMEHHUTh

Ha IWHY, KOTOpasA «TAHCT» J'Iy‘le?,aHﬂCTHLIﬁ CyCTaB B CTO-

POHY IIeYeBOrO cycrasa (puc. 15).

Puc. 15. Illuna 119 MakcMMajabHOrO CrubaHus B
JIOKTEeBOM cycraBe. IlocTemeHHast CTaTHYeCKast
TPaKLUsI PETYIUPYET MOJIOKSHUE MPEATIICYbs B Ha-
NIPaBJICHNH IUICYEBOTO CYyCTaBa ¢ MOMOLIBIO TSI Ha
JIHIYYKax

10. BAKJIIOYEHUE

MoOuM3aoHHbIE IIMHBL JUIS pa3ruOaHus Jrydesa-
IISICTHOTO ¥ JIOKTEBOTO CYCTaBOB MOXKHO HOCUTDH B TEUECHHE
JUTUTEITLHOTO BpeMEHH. TakuM 00pa3oM, OHH SIBIISTFOTCSI Of1-
HUM U3 Hanbonee 3(p(heKTUBHBIX CPEICTB peabIHTaIINH.

B npeane, caenanHble Ha 3aKka3 U IPUMEHsEMBIC B 3a-
BHUCHMOCTH OT IIaTOJIOTHH, OHH CIOCOOCTBYIOT YIydIlle-

Huto ROM, opueHTHpOBaHbI HAa IPOLECCHI 3AKUBIICHUS U
YIy4IIaloT (QYHKIHIO.

Tem He MeHee, OCOOCHHO Ha YpOBHE 3aIsICThs, TIIE
TIPEIIIOYTUTEIICH 0e300Ie3HEHHBIN U CTA0MIIFHBIN CYCTaB,
a He TUIIEpMOOMIIBHBIN 1 O0JIE3HEHHBIN, HaZI0 YETKO 3HATh,
KOTJIa TIpeKpamniath yay4dmars ROM.
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