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[IpeseHTanus HA nosiyyeHre KBavndukanuu Macrep TPU3
B HOMMHALIMU 3a ycriexu B npuMeHeHuu TPU3 B npaKTuke
pelueHus1 n300peTaTe/IbCKUX 3a4a4 U CO3AAHUS
N300peTeHUuH C npuMeHeHueM metToaoB TPU3

B paboTe npeacraB/ieHbl IPUMEPHI JIBYX HAllpaBJIEHUU
MCCJIeIOBAHUS, a TAKXe CONMYyTCTBYIOIIUE:

1.ACKyccTBeHHas CTOIa AJI NIPOTEe30B HUXKHUX
KOHEeYHOoCTeHt

2.Ko/1eHHBbIN y3e/1 IPOTe30B HUXKHUX KOHEYHOCTEN



ITOYEMY CTOIIA» - «cTOna Yes10BeKa ABJAETCA LIeJeBPOM HUHXKEeHEepHOro
HCKYCCTBa U NIpou3BeJeHNe UCKyccTBa.» J/leoHapao fa BUHYM

BOINNPOCHI
HCUXOAOT'HA
[ %
| 6 o N k
e Piodemenssii Gocurs 3 44 W = . =
Ny6nunkauma 6.Genrich 5.Mikhail 4. ABTomaT 3. YeTbipHaguaTan 2. leoHapo Aa BuHun 1.Slavin Farber-
AnbTwynnepa», 1956 KanawHnkos Kasep  ropioHosa SG-43 OtaenbHoit 6puragpl Khuru (Academia 1932)  mopckoit neitteHaHT,
«COBETCKUI BOUH» MOPCKOM nexotbl TOD 1949
1949 KamuaTka 1949

LA b5
Taz human fack 13 & mazieracce of =y
engineer g a0 & Wsrdalat -

10. AcnupaHTypa B LleHTpaabHOM

Hay4YHO-MCCea0BaTE/IbCKOM UHCTUTYTE
H npotesnposaHua (CNIIPP)

BuHuu Hacneactso +
HEN0BEKa ABNAETCA WeACBPOM A POAOHaYaNbHUK BMONPOTE3MPOBAHMA B

doHA, Hayk o
VIHKEHEPHOTO MCKyccTBa 1 AHay Mwupe -fonosHon UHcTutyT CCCP
npou3sBefeHNA UCKYCCTBa.»)

9. U3yueHne TPU3 + aa



YacTtbl. NckycctBeHHas CTOMMA (naeanbHOCTD,
BK/IIO43ET B ce6ﬂ CmmmeTpmo)




APN3-71 5-8. BOCbMOW LWWAT

* KaK peluatoTca aHaNorMuyHble 3a4ayu B npupoae?
 BcnomorartenbHble BONPOChHI:
* a. KaK pellatoTca aHanorM4yHble 3a4a4M B HEXKUBOM Npupoae?

* 6. KaK pewatotca noaobHble 3a1a4M Y BbIMEPLLUUX MU APEBHUX Opra-
HN3MOB?

* B. Kak peluatotcss nogobHble 3a4a4m y coBpeMeHHbIX OpraHM3mMoB?
KakoBbl B aHHOM C/ly4ae TeHAeHLUUN pa3BUTUA?

* . Kakme nonpaBKnM HaJ0 BHECTU, yY4NTbIBAA OCOOEHHOCTHU
NCNOJIb3YyEMbIX TEXHMKOWU MaTepuanos?



[TpUYMHbBI amnyTauumn

TuMoUR NOT INDICATED
7% 3%

INFECTION
1%

NON DIABETIC
GANGRENE
7%

Trauma
16.4%

Neuropathy & vascular condiions
81.9%

Congenital

ancmahes




TRIZ nHHOBaUUK - LOPOXKHAA KapTa B OMonHKeHepuu (pparmeHT)

Portfolio
Analysis

Patents and
Publications
Analysis

Real Market
Analysis

Patient Analysis

VoC (Voice of
Customer)

Expert Analysis

[

Scientific analysis of a
problem

)

What parameters of the
product does it make

——

Biomechanical
Analysis

Kinematics
Dynamics
Energy
Podogram
Pestogram
EMG

Analysis of Physical

and Mechanical

parameters STATICS

and DYNAMICS

Durability
Analysis

Anticipatory
Failure

Determination

sense to improve?
N

Needs
Analysis

Trends of
Engineering System
Evolution

Identification and
analysis of Main
Parameters of Value
(MPVc)

Selection of
innovation Targets

Conversion of MVPs
to Physical
Parameters

Trends of

Engineering Systems

Evolution

What are the right
problems to solve?

What are the best
problems to solve?

Problem

Identification

Ideality
S-curve Analysis

Function Analysis

Cause-Effect Chain
Analysis

Trimming

Key problem
Selection

Tactic Problem
Identification

Strategic Problem
Identification

v

Principles of
Resolving
Contradictions

Function Oriented
Search

Standard Inventive
Solutions

ARIZ

Scientific Effect
Database

Macrolevel
Algorithms

Su-Field Analysis

Trends of
Engineering System
Evolution




TPW3 MHHOBaUMK AOPOXKHAA KapTa B OMoOnHKeHepuun (MpoaoaxKeHmne)

What are reason to
believe the developed
solution will work?

Biomechanical IP protection
analysis
Technical
Documentation
Failure
Anticipation Producing
Analysis experimental series

Durability Testing
Synergy analysis

) Patient testin
IP potential &

evaluation Correction to technical

— documentation
Social impact

justification Biomechanical

Research
Failure Anticipation
Analysis
Preparation for mass
production



[MPUYMHHO-CNeACTBEHHbIE LLeNoYKM: AHaNN3 ANA AN3aiHa UCKYCCTBEHHOM cTonbl (pparmeHT)

Key
Disadvantage 1
Wrong
Weight
Strength
Optimization

Key
Disadvantage 1
Wrong
Elastic
Elements
optimization
No
customization
(“-"analogy
with shoes)

Key
Disadvantage 3
Wrong mass
Distribution

Strong but
excessive
heavy

Not Durable
and Strong
enough

Too Heavy

Too Hard

Too Light

Fatigue
Headache

Back
Pain

Joints
pain

Not

Comfortable
and difficult
to walk




CUcTteMHbIN onepaTop A1 MCKYCCTBEHHOW
ctonbIiC AKP

System Operator for Artificial Foot Design

Super system: A Man
(including bionics
foot control

System:-Loyver Ilmb Active Prostheses with external
prostheS|s (mcIudmg energy sources, increased
foot control functionality and control

Low-functional
“pirate” prostheses

Not anthropomorphic Subsystem: Artificial DYIEIIS AEE WIRE el

foot with advance control

foot Foot and recuperation

|deal final result

Avoiding amputation.
Treatment & Regeneration of
all organs. Cloning

Treatment & Regeneration of
the lower extremities.
Avoiding amputation. Cloning

Treatment & Regeneration of
the foot. Avoiding
Amputation




CrucTteMa « 4YeJIOBEK IMPOTe3 (0PTe3) - OKPYKalolllagd cpeja »

Super System Level 1.Class A.
Man

Super System Level 2. Class B Super System Level 2. Class C
Artificial organs Medicine

S Syst Level
Super System Level 3. upe; éfa(sagnB = Class C1 Class C2 Class C3

'C-Ia'ss B.l Other artificial DiagnOStiCS DrUgS Thera Py
Artificial Limbs systems \ A / C31

Vibro Scanner

System 1, B 1.1 System 2, B 1.2 ClassC2.1 Class C 2.3 Class C 2.4
Upper Limbs e System 3, B 1.3 MDR Class C 2.2 3. A4,

Prosthesis Prosthesis OrtthSis e Anti-Diabetics Anti-Cancer Anti-Viral

B1.1.1.
Myoelectric

Class C 2.6.
Class C 2.5. : Class C 2.7 Class C 2.8 Class C2.9
Regeneration Dynamic Dynamic Anti-

112 Hemostops enhancers antibiotics Vaccines Atherosclerosis

Mechanical

Subsystem 1, Subsystem 2, Subsystem 3

class B 1.2.1 class B 1.2.2 Class B 1.2.3 A - A System has own Subclasses (not shown)
Artificial foot Knee Unit Hip Unit



NMPOB/IEMbI, TPEBYHOLWME PELLEHMA ONA
CO30AHUA NCKYCCTBEHHOW CTONMbI

e 1. PaspaboTKa cTOMbI C y4eTOM Beca U aKkTUBHOCTM NaLMeHTa, paLMoHaIn3npoBaThb
pacnpeaeneHue macchbl.

2. YBeninyeHne NpoYHOCTU U AONTOBEYHOCTM CTOMbI.
3. Pa3paboTaTtb 060pyagoBaHMeE ANA N3MEPEHUSA MAPaMeTPOB YyNpPYrocTun CTonbl.

4. PelwwnTb Nnpobaemy napameTpoB BA3KOCTU, UCXOAA M3 MACCbl NALMEHTA U NAapPaMETPOB
MOXOAKW, YBENMUYUTb NOMOLLLEHME YAapOB.

5. PaCCMOTDETb peweHne naeaibHOCTn,0CHOBaHHOE Ha CMMMETPUNN NPOTE3UPOBAHUA U
COXpaHMBLIJeMCFI KOHEYHOCTN N MUHUMAJIbHbIX 3aTPaTaxX aIHEPTUN

6. BbiACHMTE, KaK NpMpoAa UCNOoNb3yeT pecypcCbl «BUOpaLMM» U MPUMEHAET NPUHLIAN
TPWU3 N220 o npeemcTBEHHOCTU NMONE3HbIX AencTBUM (aHanorms ¢ noaxoaom I.
[0oNn0BYEHKO).

7. PaccmoTpeTb CUCTEMHbIM onepaTop U PYHKLNOHANbHO-OPUEHTUPOBAHHbIN NOAX0A
ANA peleHnsa ConyTCTBYOLWMX 3a4au.



OCHOBHbIe KOHCTYKUMNU UCKYCCTBEHHDbIX CTOMN Ha
CTapTOBOMU TOYKE PblHKA B MOUX UCCNea0BaHUAX

rubber foot

heel cushion

Pe3nHa PeyToB CTYynHMU

NonnypetaH PeyTtos Foot
SACH Foot (Solid roneHocTtonHbii, Cushioned Kabnyk (SACH))
CTynHA C MEeTaNNMYEeCKON PAaMOMN U LieHTpasbHOM pe3nHon (MM3 Cemaluko)

W e



TeHAeHUMN 3BONIOLUUUN TEXHUYECKUX CUCTEM

“Ha BTOpOM 3Tane, pekomeHaaumMa 3aKkao4aeTca B onTummsaumnm”

=

of Value

Main Parameter

Time



TaKTWKa n cTpaTerua ans ansamHa crton. Mpobnembl naeHTUPUKaLIUK

Problem Identification

Strategy
Tactics Based on S-curve go to a new
In order to implement fast new foot system:

for patients, based on MPVs, to avoid

creating diverse forms of rigging and Elastic elements for energy
press forms for different shoe sizes, recuperation

men, women, kids, different heal

height from scratch (keeping in mind ' External sources of energy

S-curve).

Solve problems: . Feedback system

. . . . Foresee new ways to
. Ra‘tlon‘allze mass-inertia parameters supersystem - subsystem
distribution

' Strength optimization

- Parameters of elastic elements
customize for a patient

Analyze system operator for solving
supplementary problems




OYHKUMOHANbHO-OPUEHTUPOBAHHbIN MOUCK NO BA3KO-YNPYrocTU UCKYCCTBEHHOM CTOMb

(bparmeHT)

|dentify the key
problem to be
solved

Adaptation
viscoelasticity
elements of a
Foot to patient

Articulate the
specific function to
be performed

Customize Energy
distribution of
patient movement

Shock
absorbing

Identify other technologies
Generalize the that perform a similar
function function in related and non-
related industries.

Formulate the
required
parameters

Design a foot
with viscoelastic
customizable
elements and
Find relationship
between their
parameters and
a patient

Customize
Viscoelastic
elements

Car Industry
suspensions and tires

Analogy: Tires and

Doctor can easily
change a foot
viscoelasticity

parameters based

on relationship



®OYHKUMOHANIbHO-OPUEHTUPOBAHHbIM MOWUCK NO BA3KOCTU-YMPYrOCTU MCKYCCTBEHHOM CTOMb!

(bparmenT)(Mpogonxkenune)

Select the technology that is
most suitable to perform the

Identify and solve the
secondary problems required

desired function based on
your requirements and
constraints

Algorithm of Viscoelasticity elements
parameters should be chosen by similar
algorithm in car industry

to adapt and implement the
selected technology

System Man —Prosthetics should be chosen
similar to rheological problem “ Driver —Car-
Road”



PYHKUMOHAIbHaA aHaNornaA mexay obysbto, CTONamm u
noaseckamu aBToMobuns ¢ nepemMeHHOM *KeCTKOCTbIO U
nemnoupyroLen cuiom Ana asBToModUNbHOro NpUMeHeHus

B e
e -




PyHKUMOHaNbHaAa AHanorna mexay obysbto, HOrom U NoABeCKaMu
aBTOMODOUNA C NepemMeHHOM XeCTKOCTbIO U AemMnPpUpyloLleit CMnon ans
aBTOMOOUNbHbIX NPUMEHEHN I




BepTVIKaJ'IbHaFI COCTaBANAOWAA peakunn rpyHta B 3aBUCUMOCTU OT MaACCbl

naumeHTa
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N3mepeHne akceneporpammbl NaLMeHTa U

NpecTorpaMmbl Ha Pa3HbIX YPOBHSX

A . NS xanubp.

SLY

2

1 cex

Puc. 3. Akceneporpamma ronosbl. 0603HayeHus: A - B
Hopme, b - npu gedopmupylowiem roHapTpose (CHuxe-
HUEe TONYKOBOr0 YCKOPEHUA NeBOW HUKHEH KOHEYHOCTH

A ' ‘\

A :J[L“ws“—“ N— .
U ..f U U -

h _“;f\ —N \ jx J— \} & =

Puc. 6. Mpecrorpamma, BbISBNSIOLL AN CKPbITYIO XPOMOTY
y 0iHOro u Toro xe 6onbHoro. 06o3xayeHus: A - akcene-

porpamma 380poBoi 1 6onbHOM Hor; B - npecTorpamma
3710pOBO¥ ¥ GONBHOM HOT.
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. — | et 3
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A Is
Puc. 7. loHuorpammel koneHHoro cycraBa. 06o3Have-
Husi: A - B Hopme, b - npu gedpopmupyiowem apTpose

Market Size

% Billions

2014 2015 2016 2017 2018




®apbep b. n ap., BomexaHmnyeckaa oCHOBa BbIOOpa paLMOHaIbHOM MacChbl U ee
pacnpeaeneHne Ha NPOTAXKEHUU CErMEHTOB NPOoTe3a HUKHUX KOHEYHOCTEW

* Journal of Rehabilitation Research and Development Vol . 32 No. 4, November 1995 Pages 325-336
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Farber B. et al., Static System for 3-D Foot Research, Patent # 1398857 &
9BO/IOLMA B CTOPOHY NOBbIWEeHUA AnHammama TRIZ Principle #15. ItHamMn4HOCTb

Farber B. et al., [lnHamunyeckana cuctema ana 3-D NccneposaHusa cton Patent #
1442208

1398857 [ 442208
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®OYHKUNOHANIbHO-OPUEHTUPOBAHHbIN MOUCK NO MacCe UCKYCCTBEHHOM CTOMbI U ee NPOYHOCTH
(bparmeHT)

Identify the key Articlu_late thg Formulate the Generalize the Identify other technologies
problem to be specific function to required . S
function that perform a similar

solved be performed parameters . .
function in related and non-
related industries.

. Find relationship Foot weight
Weight parameters between foot suppose to be Improve function
of foot suppose to be weight and customizable , of a system “man- Robotic and

customizable for biomechanics of derzem: %” ':VGr:é’f prosthetics ” Airplane Industry
particular patient ampuzation a based on rational

gait less than 500
s mass distribution

Find relationship
between foot weight Analogyl:

. strengths and patient Find relationship - Anthropomorphic
Foot should be light S between foot Optimize mass, 5t T T

to save patient’s strengths and its strength and
energy, butin parameters durability of foot
order to be strong,

stable and durable Analogy 2: Methods design
it cannot be light and stress distribution of

Analogy 3: Methods




POYHKLMOHANbHO-OPNEHTNPOBAHHbIN MOWUCK MO NCKYCCTBEHHOMY BECY W NMPOYHOCTM CTOMbI
(MpoaomxeHue)

Select the technology that is
most suitable to perform the
desired function based on
your requirements and
constraints

Identify and solve the
secondary problems required
to adapt and implement the
selected technology

Mathematical modeling for anthropomorphing
robots for choosing rational weight of artificial
foot

Methods of design elements irregular shapes
in airplane industry




®apbep b. n ap., PoToynpyrocTtb ANA UCCNeAOBaAHUMN CTON
®apbep b. n Ap., KOHEYHbIe 31eMEHTbI ANA NCCNefoBaHWIA CTON

1. Moteab CTONN U3 YOPYFOro OnYHYECKN Wy BCTBHTAILHOTO Marvepiadd,
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Puc. 2. Kapruna mimeppepeaiioniigy nosoc i M0AeA 1I0CKOCTONOR CTOnM.




®apbep b. u Ap., YCTpoUCTBO ANA NPOTE30B HUKHUX KOHEYHOCTEN
McnbiTaHMe Ha YCTaNoCTb UMKAMYeCKon Harpy3sku MNaTteHT # 2039537
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3BO/IOLUMA B CTOPOHY NOBbILLIEHMA AUHAMUYHOCTU U YNPaB/IAEMOCTH
TRIZ Principle #40. Composite materials Farber B. et al., Artificial Foot, Eight Patents: #1498490,

# 1454450 , # 1338856, # 1761136, # 1410970, # 1600759, # 1409258,TRIZ Principles #14. Spheroidal #
2012285




TPU3 MpuHumn #40. KoMno3nTHble maTepuabl
Farber B. et al ., HUKHMe KOHEYHOCTU - MOAENb CTOMbI C aPKOK U YNIPYTUM S1EMEHTOM

Patent #2 088 180, nsy4yeHue csoga cronsl
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PYHKUMOHANbHO-OPUEHTMPOBAHHbLIN Noaxoa ana aApyroro obvekra. Farber B. et al., Patent
# 1570723 OpToneanyeckue ctenbku AN NoaAepXKKu cBoaa CTorbl C 3GGEeKTOM NaMATH
dopmbl Farber B. et al., Foot arch Studies




Farber B.et al., An approach to high quality prosthetics through biomechanical data analysis of motion defects. - In:
Second World Congress of Biomechanics. Amsterdam, The Netherlands, 1994, v.1, p.285.

OnpepneneHue MNpeasuammoro OTKas 1 (PAP 1) npu nccneaoBaHUM HUMKHUX KOHEYHOCTEN NPOTE3UPOBAHUA
NPUMEHANA «HEMPaBU/IbHOM» 31aCTUYHOCTH (JMBEpCUOHHbBIN AHaNu3 )

[nsepcnoHHbIM AHann3(AFD2) -aHecTe3una cTonbl C HOBOKAUHOM M U3YYUTb
bromexaHuKy
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[locsie M3yyeHUs NMOACUCTEMBI-IIPOTE3OM 4 Iepellesa B Cynep-cucremMy: YesoBek-
CTONa-0MOMeXaHU4YeCKH BUOPO yrnpaBJisieMass MaTpula
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AHanorusa c my3bikoi neca (Rustle of the Forest M.K.Ciurlionis ) 1903
- BUOPO TAaKTUNbHbBIA KOHTAKT C HOMOM Ha OCHOBE MCMNO/1b30BaHUA NPUPOAbl ANA
yrpaBAeHMA CyNnepcucTembl




cDYHKLI,I/IOHaI'IbHO-Olf)MEHTI/IpOBaHHOe npunaoxeHme anAa NnauneHToB rnocine

MHCYNbTOB U MH(PAPKTa MUOKapaa: Yactuupl Batep-lNavmHu. HepsHblie MNapameTpbl
B 33aBUCUMOCTU OT AaBNEHUA N HA3EMHbIX peaKkuum
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TRIZ Principles #23. Feedback and #18. MexaHn4eckas Bu6panus. Farber
B. et al., TexHonorna nmmutaumm xoabbol 1 6era ana peabunutaumm 60nbHbLIX €
Pa3IMYHbIMU ABUraTeNbHbIMU HapyLweHnAMU Patent # 2082378

BpemeHHaAa gnarpamma ynpassieHua sBnbpatopom B Vibro ckaHepe.
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TRIZ Principles #1s. MexaHn4ecKkue BUOpAL MU

Farber B. et al., KoHTponb TpaHcnopTa (NMAoTCKoM KabuHbl ¢ 4aTYMKaMK TaKTUAbHOTO BUBPO)
MateHT N2 2100224 OTHOCUTENbHOE BPEMA ANA BU3Ya/IbHOrO 1 BUOPO peakuun AaT4MKOB
TaKTUAbHble. OT 3eMnun 4o Kocmoca: KocMoHaBTbl HyBCTBUTENBLHOCTL NOCNE NOJIeTa B
Kocmunyeckom Kopabne «Cantot-6» (M apyrme), a Tak»Ke ¢ MOMOLLbIo vibroscanner

i mrivpaGgriviou YO 1B EIIBAUGIN 10CIE KOCMUYECKUX NONeToB
KOCMOHABTHI
1 Obnactb B-# n-s HeH K-k n-s P-H T-o
{ usMepeHus (k) (@) (k) () (@) @) K)
Crona +10 +6 +6 +2 +2 +3 -3
MNatka +6 +3 +3 +3 +6 +3 +2
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OYHKUMOHANbHO-OPUEHTMPOBAHHbIE NPUNOKEHUA ON1A PA3UYHbIX 0bnacTen:
TPU3 MpuHumna 23.Feddback # 18.Mechanical subpaumorHHoro Cnenoro Mute-
[nyxux ntoam, pabotatowmmm b6es cnenoro, He NOMOLLHMKA, Ha OCHOBE Hallero
«BUbBpO» peleHus
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PART 2 KoneHHble moaynu u nx Knaccudpurkauma

Lower
Limb

Momentum
Inertia

Foot Trajectory

Dissipative
Forces

Viscosity /
Elasticity

Shank
acceleration T

- T
Mechanical Rheumatic m

= External

Electro source of
mechanics energy




CUCTeMHbIX onepaTop ANA KONIEHHOTO Y313

System Operator for Above Knee Prosthetics Unit Design Swing phase

Past Present Future
Treatment

Super system: :
& Regeneration of all
A Man organs. Cloning

ldeal final result

Prostheses with external
energy sources, increased
functionality and control

Low-functional “pirate” System: Lower limb
prostheses prosthesis

Treatment & Regeneration of
the lower extremities. Cloning

Subsystem: Functional knee units Treatment & Regeneration of

the knee joints. Avoiding
Amputation

No knee units Knee Unit with advance control




YpoBHU abCcTpaKunmu KoneHHbiX moayneu ¢pasbl

nepeHoca

Mechanical units

B Guide Crank
as5€ tube mechanism
Dissipative units

Magneto
Rheological




dHA/IN3 HANoo/1ee TUNMNYHDbIX KOJIEHHbIX MOAVIIE NnepeHOoCa fragment

. : : C: Cause: :
Biomechanical functions . Trajectory Our solution:

Swing Phase B: Cause Improved . Kinematic & dynamic D: Cause
Trajectory acceleration in SWINng . More symmetry 1. Improve durability

Kinematic & dynamic phase : :::2 ScnoeliriisCOSt 2 Improve trajectory
: 3 Improved centroid

Urtertel e 4 Improved acc?eleration
5 Decrease weight

units 4 bar knee 6 Improve kinematic & dynamic
Units with rotating pairs 7 Improve resource

.. . . 8 Eliminate extra weight
: units Uniaxial knee unit with 9 Improve application of
: balancing weight and Four bar With crank dissipative element
spring crank mechanism knee units mechanism
D: The 1-st in the World
With spring self adjusted guide knee
: ; Friction mec.h.an|sm_W|thout
: additional links
Hydraulic :
of A,B,C

Magneto B: Negative effects: ; Hydraulic 2 We made 3 trimmings
Rhe0|0gica| 1-4.All the same asin A : 2.1 We trimmed extra links

5.Extra weight Magneto 2.2 We trimmed extra weight
A: Negative effects: e : reological in structural synthesis
- Neg : 6.Lower dura b|||ty v - 2.3 We trimmed crank

Scoliosis C: Negative effects:

. : : mechanism
Patients extra energy lost . Increasing weight 3 Wei d ideal
Vascular overloading : Increasing a numbered elements e increased ideality
Decreasing durability 4 We decreased negative effects

Decreasing resources

1 We combined all positive features

Lost of symmetry




TRIZ structure of the functional-biomechanical method of improving the system “man - prosthesis (orthosis) - environment”

v

Function
oriented biomechanical

search properties

Mathematical
modeling

Movement in
joints

Arrangement
of hinges

Degrees of
freedom

In place of
the natural

Mobility

Passive
moments

Distal
(proximal)

Elasticity/
Viscosity

Elasticity/
Viscosity

Moments
active

Functional and

Technological

Functional :
devices for

Interfaces

Structural
synthesis

¥
TRIZ
Trimming

Parametric

synthesis assembly

Physical

Theory of
effects

rational

Transition from
micro to macro

level <-> mechanisms
Motion

Biomechanical Correction

research

Trajectory of
movement

Inter-link

Support
angles

reactions

Common
center of
mass

Electro-

w Kinematic Points of zero

momentum

Functional

Dynamic

length

Functional
length

Sustainahility

Anticipatory
Failure
Determination




OcHoBHble KonieHHble moay/ie Ha pblHKe 40 Havana Mmoux uccneaosaHmin: 1.0aHoocHble KoneHHble Moaynu,

2. O4HOOCHbIE KOIeHHble MOAY/TN C KONEHHbIM 610KOM 6)'IOKI/IpOBKM 3. O4HOOCHbIE KOIEHHbIE MOAYNN C
AO0NONHUTE/IbHBIM 6anchmposqub|M rpysom 4. MHOroocHble KONeHHble Moy N
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Pasa nepeHoCa N CKOJINO03




da3bl nepeHoca U TpaeKkTopuu
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da3a nepeHoca (napameTpruyeckmn) MaaTHUK




dparmeHT GYHKUUM CUCTEMbBI KONNEHHOTO Y3/1a C KPMBOLUUMHO-
LIATYHHbIM MEXaHU3MOM U A0MONAHUTENbHbIM rPY30M

Rotator

Socket

— = Sufficient
——————p EXcessive
------------- + Flawed
=======P Harmful

Person



anLIMHHO-Cer,EI,CTBEHHaﬂ Mmoae/ib aHa/in3a
ANA NCKYCCTBEHHOIO KOJTIEHHOTO CYCTABAd(fragment)

Key
Disadvantage 1

Heavy _ Difficult to
Fatigue walk

Key Low

Disadvantage 2 Durability
Durability Strength

. Prosthetic
Prosthetics

Key Back Pain scoliosis leg is

Disadvantage 3 shorter
Negative Ground
Clearance

Not
Comfortable
to walk




POYHKUMOHANbHO-OPUEHTUPOBAHHbIN NOUCK UCKYCCTBEHHOTO KONIEHHOTO cycTaBa (fragment)

|dentify the key Articulate the Formulate the technologies that perform
problem to be specific function to required
solved be performed

Generalize the - S
. a similar function in
function

parameters related and non-related

In order to move Provide smooth Function of
symmetrically, “biomechanical” moving extra
prosthetic limb movement in load 500-1000g,
gl Gl swing phase connected to

moving extra load . .
Ving without extra translational
,but in order to save

a patient energy, load, diameter of movement
prosthetics suppose a load not exceed mechanism Analogy: Instead of extra load
to be without extra diameter of a without extra for stability a space ship, a

load tube load

Save a function of Space In(?lustry
the system based Robotics,
on weight Mechanisms Theory
without using
weight

- scientist put important
Provide a

function of the
system based on
mechanism
properties

Analogy: Instead of using inner
translation mechanism
provide functionality of a



OYHKLMOHA/IbHO-OPUEHTUPOBAHHbIN NMOWUCK ANA UCKYCCTBEHHOMO KOJIEHHOTO CyCcTaBa

(npoponkeHue)

Select the technology that is
most suitable to perform the

Identify and solve the
secondary problems required

desired function based on
your requirements and

constraints

Methods of Mechanism Synthesis

to adapt and implement the
selected technology

Improve functionality of a knee mechanism in

a swing phase , providing equality of intact
and prosthetics leg

Improve durability of a knee mechanism in a
swing phase , providing equality of intact and
prosthetics leg



Hawa Knaccuka:
Altshuller G.S. et. al., “Hantu naeio”

e ObpaTmMmca K cTaTbe HayyHbiM Habatoaatenem Pravda V. Gubarey,
“100 munyT Cpeaun cekpetoB.” Peub naet o ctaHumm BeHepa-12. “3t1o
Obin UEHTP HArpy3Kkm B cnyckaemom annapaTte. A Kak obomntuco bes
Hero, ec/in 3To HeobxoAMMO ANA «Llapa» 3aHATb CTPOro
onpeaeneHHoe rnosioxKeHmne B NpocTpaHcTBe? ” NaeanbHasa HarpyskKa
LEHTPMPOBAHUA, KOTAA HET HAarpy3KKU, a KAKOM-TO APYronm ob6beKT
BbINONHAET CBOU PYHKUNN B KOMBUHAUUM.

* YYyeHbl HacTanBan: HeobxoaMmo NoOMecTUTb ycTpouctaso. Naesq
NPULLA HEOXKNAAHHO: YAA/IUTb LEHTPUPYIOLLYIO HarpysKy.
YCTPOMCTBO BbINO/JIHEHO CBOU GYHKLMN, N B TO XKe Bpems Urpano posib
Harpy3Ku ..
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JHEeproémMkocTb Xoabbbl B 3aBUCMMOCTM OT NOJIOXHKEHUA
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®PparmeHT QYHKUMOHA/IbHOU ANarpammbl
NONULLEHTPUYECKOro KoJIeHHOro moayna c 5-m
K/1aCCOM KMHEeMaTUYeCKUX nap

CCCCCCC

st class

Socket

Person
—— Sufficient
=9 Excessive



da3a nepeHoca Ana 4 0CHOro KONEeHHoro
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YeTblipexocHbin KoneHHHbIN moaynb: Farber B. et al., Patent # 1454448 ¢
KMHEemaTuyeCcKMMu napamu 5-ro knacca, Patent # 1323100
YeTbipex ocHbIM KoneHHbIn Moaynb 3-ro Tuna: Farber B. et al.,
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BneyaTneHne oT YpOBHA CYLLECTBYIOLWMX KONEHHbIX

MOJAyNel nocne nposeaeHHOro aHan3a: _
*HeckonbKo buomexaHu4yeckmnx GpyHKUnNIA

6biin peannsosaHbl B 4-X oTAE/IbHbIX
KONeHHbIX 610KaXx.

* 1 6bl HaNUcan KOPOTKOe NUCbMO, HO Y MeHA He bbino
BpeMeHM.

Blaise Pascal



Mpobnema naeHTMPMKauma Ana KoneHHbix eanHuy, n Cynepcucrema
NPOTE3MPOBAHNA HUKHUX KOHEYHOCTEMN

Problem Identification

Based on S-curve

Create a new module system of
prosthetics for any level of
Above Knee amputation

Program minimum
Design a knee unit which combines
property of all 4 units on the market,
including:
Multi axes knee unit
Knee unit with balancing ....

Modular system

Light

Durable

Easy to produce

Easy to connect with control
devices without extra element
Aluminum Version on this stage

3-D movement knee units

Magneto rheological and
computer control

External source of energy for

main biomechanic parameters



Farber B. et al., KuHemaTnka KoneHHOro cycraBa 1 CTPYKTYPHOro CUHTE3a
KY/INCHOrO KOJIEHHOIo MexaHMU3Ma

W=6n-5p:-4p,-3p3-2pP,-P;
W=6x3-5x4=-2
W=6x3-5x2-4x1-3x1=+1



[lepBbivi B MUpe KyIMCHBIN KOJIEHHbIM MEXaHU3M C KUHEMAaTU4YeCKUMU NapaMU 4-T'O U 5-
ro kjaccoB : Farber B. et al., Kys1ucHbli KoJieHHBbIH MexaHu3M Patent # 1138151 and
Ky/ivcHBIN KOJIEHHBIM MEXaHU3M C MapaMH 3, 4 M 5 KjaccoB : Farber B. et al., Patent

#2062073 (Trimming)




Farber B. et al., perynnpyemas moaenb Ky IMCHOro KONeHHOro mexaHnama Patent #1138151

®a3a nepeHoca : KyAUCHbIA KONEHHbI MEXaHU3M
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MomeHT NHepummn Kak GyHKLUUA BpemeHu (yron
KoneHa) 8 pa3e nepeHoca
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OnopHble peakuuu B npoTese begpa ¢
KYJIMCHbIM KONIEHHbIM MEXaHU3MOM
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Farber B. et al., KyancHbi KoneHHbIM mexaHU3m
D16T Patent # 1138151 [lponssoacteo 3aBoaa CemallKo
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Farber B. et al., KyancHbi KoneHHbIM mexaHU3m
Patent #206207/3
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Farber B. et al., Patent # 1466738 KynncHbIN
KOJIEHHbIN MEXaHU3M ANA KONeHa 3K3apTUKYNALUU




PE3Y/IbTATbI PEAJZT3ALNN

Knee
Mechanism

30 years
producing

Adult: Normal stamp
Long stamp

Kids: Normal stamp
Long stamp

Gold Medal World
Exhibition

i
|
|
|
|
|
|
|
|
|
|
|
|
|
I
4 different types: !
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Dynamic foot with

elastic elements for
sports Line of 23 new medical

drugs and methods of
Foot with external diagnostics
source of energy



C.l1. Kopones PakeTHO-KOCMHUYECKaA Kopnopauua
«IHeprma»

PakeTHO-KOCMMYyecKasa Kopnopaums
PKK «39Heprmna», asnaerca B8 Poccuu
npoussoauTesiem 6annmncTUHecKkux
PaKeT, KOCMUYECKUX Kopabnen u
KOMMNOHEHTOB KOCMMNYECKON CTaHLUMNW,
MaBHbIM Pa3paboTYNKOM U
noapAAYNKOM POCCUUCKOM
NMMAOTUPYEMOU NPOrpammel
KOCMUYECKNX NONETOB.
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CUCTEMA MNPOTE30B
HUMHUX
KOHEYHOCTEW
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MOAYJ/IbHAA CUCTEMA
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OJ1IeHHble MmoA4y/1bHble CUCTEMbI NPOMU3BOACTBA
«IHEpPrum»




PakeTHO-KOCMMUYECKaa Kopnopauuya « IHeprua»
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Ynpasnatowme koneHHole moaynu ana aeten 5A 035-01
anAa aesaptukynaunm KoneH; 5A 035-02 ana
_perynapHoro otnevatka 5A 029D ana peten




YnpasnawLipye KoneHHole 610Kku ana getent : S5A
037D KoneHHana ae3aptukynauma; 5SA 037D-01 ; 5A
037D-02




[penmyLlecTBa Hallero KoneHHoro 6.10Ka :

* 1 KombMHMPOBaHbI BCE MONOKUTENbHbIE YEPTbl OCHOBHbIX A, B, C-cyLLecTBYOLWMX
KOJIEHHbIX Y3/10B

e 2. [loBbilWeHNE NaeaNbHOCTH
* 3. ONTMMM3ALUMA AONO/IHUTE/IbHbBIX CBA3EWN
* 4, Trimming AOMNOJHUTENbHOIO Beca NyTem CTPYKTYpHOro cuHtesa (IFR)

. (5 Tr)imming KPUBOLWMMNHO-LATYHHOIrO MeXaHM3Ma C COXPaHEeHnem ero AemcTsus
IFR

* 9. Yay4yweHne momeHTa MHepumm 6e3 gononHutenbHoro seca (IFR)
e 10. Yny4ywieHne KUHemMaTU4eCKomn N AMHAMUYECKOWN COCTABAIOLLLUX
* 6. [loBblWEHWE AONTOBEYHOCTU N PECypCcoB

* /. ¥YnydlweHHaAa TpaekTopuA

* 8. YnydlleHune ULeHTPOBKMU

* 11. YayyweHue npumeHeHnAa ANCCUNATUBHOTO 3/1eMeHTa C BO3MOXXHOCTIO
MCNOJIb30BaHMA PEenona N co3aaHMA NepBoro B Mmpe bruoynpasnaemoro npores3a
nocne amnyrtauum beapa



JleB AwWnH «YHepHaa naHTepa» pacCMaTPMBAETCA
KaK Benm4yaulinm BpaTapb B UICTOPUM CNOPTa




TaTtbAHa Ky3HeuoBa (amnyTaLuma Bbille KosieHa) YemnMoH mmpa B
mapadoHe B Hbto-Mopke
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Farber B. et al., Cnocob ynpaBneHusa npote3om HUMKHEN KOHEYHOCTY

n yctponcteso ana ero ocyuwecrsnenma NATEHT # 2032434 1992-01-30
(Buoynpasnaembin PEMOSIb)
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Farber B. et al., Cnocob ynpasneHusa cnnosbim
3/1eMeHTOM TpeHa)Kepa [laTteHT #2081643

(Buoynpasnsembint PEMO/b)
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KOPOTKO OB ABTOPAX

Dapbep bopuc Cracunosuy — 3aM. aupektopa LleHTpasbroro HayuHo-
HCCREAOBATENBCKONO MHCTHTYTA NPOTEIUPOBAHMS, J0KTOD TEXHHUCCKUX HA-
yx, npocheccop, akageMuk Poccuitckon Akazemun Meanko-rexHuyeckux Ha-
YK, 3acayXeHHu# n3obperarens PO,

O6aacTb MHTEPCCOB — OHOMEXAHMKA, TEOPHS MEXAHHU3MOB M MALIHH, Ma-
TEMATHYECKOE MOEIHPOBAHME, YNPABJIEHHE ABMXCHHEM. SBasercs Buue-
npesuaentoM Poccuiickoro obmecrpa Guomexanuxu. MM ony6aukosano cam-
me S00 neuathuix pabor, 300 uzobpereHuii.

Bumenszon Anamonui Camoiinroguu — 3ach. jgeareas Hayku PO,
npodeccop, AOKTOp MeaHUMHCKuX Hayk, MasecTHris cneumanncr B obaacru
dH3nONOrHK ABMXCHMI M OHOMEXaHMKH. ABTOP METOAA HCKYCCTBEHHOM
KOPPEKIHH ABHKECHMI NMOCPEACTBOM MICKTPOCTHMYAsumKM Mo, My ony6-
AUKOBaHK 4 MoHorpaduu u cenme 200 crarei.

Mopeiinuc Hexycusne I axnoguy — 3aca. pabOTHHK COLMANBHOTO 00ec-
nevenns PO, 1okTOp TEXHUUCCKHX HayK. M3BecTHMN cieumanuct s obiract
OHOMEXAHHKH NMPOTE30CTPOCHNUS; ABTOP CPEACTB, METONOB COOPKH MpPOTEI0B
HHXHHMX KOHEYHOCTEH, KOHCTPYKUMH M TEXHOJOrHUYECKHX mpoueccos. Mm
onybnuxosans 1 Monorpadus, § yuebunix nocobuis (8 coasroperee) u Gonee
210 crareit.






b.C.%aplep
METOIVKA FENEHWA "MAKPOYPCOBHEBHX™ RANAY B TPU3

[poTEBOPETES €CTH KDH~—
TepEl ECTHEM, OTYCYTCTBHE INDO-
THBODEYEA - RpuropEl salxyxns-

Hud.
Terem

Omiem ®3 00BORTHBHHX 38KOHOB DASBETHA TOXHEUACKHEX CHCTEM
ABNIAGTCA MEDEXON C MAKDOYDOBHA HA MEKDOYDOBEHE,

Ho RAR DOCTYUETH, 6CJH A NDARTHYECROrID OCYyWECTBIGHHA Ta-
KOT'0 mepexona emeé He paspasorTaEs "MERDOYDOBHEBHE" YCJIOBEAY
[pexuosoxEM, EYXHO BHCOONESO0BATH CBOHCTBO XEIKOCTR HSMEHATH
BASKOCTS DOA AeficTEHEM MATHHTHOrO NOJASR, & XEAROCTH ¢ TpelyeMH-
M8 cpoficTBaME NORA He cBETe3BpoBaHN? Illonyveerca, 970 dmsadbexT
paBacTeR (B ImAFIoM cJy4ae — peanormyeckeE? offexr) - a mmaKoc-
roft ¢ ROHKpeTHHME cBoficTBAME IIORA HET. BONPOC COSMAHEA MAIHHT-
HMX xRIKocTed ¢ Tpedyemnm cpofficTBAMH ABAAGTCH HE NPOCTHM, A
RAK X8 OHTH, 6CJE ODAKTEKA TPeOyeT HOSAMeIIETS/IBHOI0 DOmeHHA
OOCTABNEHHOR sanage?

Ecom ofpaTiTECA X MBDOROMY $oHAY maTeRTHOX B HAYYHO-TEXHM-
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9YeCKOR JETEDATYDH, TO EOTDYNEO OCEADYXETH, YWTO HE CBIOIHAUNER
JeHs paspacoTaE0 ¥ OINCAHO OPDOMEOS ROJNYECTBO OCTDOYMHERmRX
mexaEueMoB (ot Kymedmra xo Aprodonercroro /3/)Ea MaRpoyposHe,
KOTODHE B COYATAHWM C DONEGENAME HA MEKDOYDOBHE IDEACTABAADT
cobolt afferreemne pememms /I, 2/. (Hampumep, DONMBIHEIHBAHEE
CTAMBHHX neTaneft MaRDOYDOBEGBHX MeXamRsMoB Amstmyarep I.C.))

[podnexa CoCTOE? B TOM, YrolH HS 9TO0T0 OTDOMHOI0 MACCHBA
MEXAEESMOB BHOpDaTh Hamloaee mOmXofams Eum paspadorTars HOBHE,

Ina aroft mesm mpeniarasTes HCHONBSOBATH MOTONERY, OGaSEDYD-
myncs Ra TPE3, (14 CoRpameREs BSJIOXGREA YRAXSM, 94TO IePeXOoX
¢ "MERDO" Ha "MARDOYDOREHR" RAYNHASTCA HOOCJE COCYaBAGHEA BE-
noxsE0R fopMysH DOmeRWA SamavH.)

{ipsanonarasTcs paspadorars Tadmy "MERDO- MARDOYPOBHEBHX"
aHaNoros, & TOYHSS, TAGMNIY COOTBOTCTBEA (ESEIeCKEX offerroB
¥ MOXSHEYECREX ycrpoficTB. PaccmorpmM (PparMeRT radiEmu.

Tadamgnasa

1 Bxonsoe Peaxmmsa PasEaCREMR MarpoypCBHEBHE

Iom BosneMceBEe cBcremy Ra  sdderr (mEa ARANcr
HA CHCTEMy BosieficTeEe MEKpDOyDoEHe) dusafderra

I. MaruuTHOS YsweRerme Peonoruve~ BsammoneficreEe Mex.
(BT 2M6RTDPO~ BASKOCTH cxu Iy MOJNORYJAME 3aMe~
CTATHYECK08)  EWIROCTE afbexr HETH BIayMoneicr-
oone Bosnef- PUEN NENNY MALWRA-
CTBY6T Ea& : MR
ERIROCTE

2. Mexamwgeckos JlmameTp SfpexT BsamsoneficTere MoE-
NATE, A NfF- QDH SaKpy- [IOBETHETA qy wrreryrawe sa-
KDBTHE® KDy~ YHBAHAR MEHUTh B3aEMOxet-
TAMER MOMOHT  yMeHLmAsT- CTBHEM MOELY CJIOH-
BosneifcTByer cA,o00pasen MB MOJORYJ, BCOOIB-
Ha oransHoft YOTRRAET AR, SCRATE CTRDATIRYY
odpaseq o058M yBO- CTAJBHYD J8RTY

JIPAPRAETCR

Hs radrwmy BEmEO, 9ro Mexxy addexrarms ma "MEkpo" B Ha "Max-
poyposHe" RadumuaeTCA HEKOTOpPAA AHANOrER. B Cayuas CIBpAIBHOM

o7



JOHTH 23T0 SAaBECHMOCTE Jfnepa

P=ge™

rne P - yomnpe, nelicTeyomee Ha OOFH B3 KOHUDB JEHTH, KOTODOS
MOXHO YHEDEATH C MOMOWED cRMH & , npeaoxeHHoft X Opo-
THBONOJNOXHOMY KOHIYY JIOHTH, NPE yCAOBHY 4TO OHA HABATA
BOKpDYr Oapadaxa Cc yraow ofxsara ok , a Koo@jmiEenT
TDEHBA MOXLY MATepRrasiom Oapadana ¥ JeHT™ ¢ .

Tax, Op® paspadoTKe YMDABJAASMOT'0 KOJCHHOI'O MOXARW3MA O
BECNONBES0BAH MaxpoyposHenufl amanor afdexra [lofmreRra.

Jareparypa

I. Anpraysnep I'.C. TBopuecTBO Kak ToYRAs Hayra, - M.: Cop.
pango, 1979,-I72 c.

2, Arprmysuep I'.C., Ceomuxmit A.B, Kpunps nng Mkapa, - Tler-
posasoack: Kapemas, IS80, - 223 c,

3. Aprofonesckeft .M, Mexanmsmu B coBpeMeRHON TexHmKe,
T. I -JI, - M.: Hayra, I973.



B.C.%apdep, H,.I'.HExETHH

IIPOTHOBKPOBAHME KOHCTPYKIA KONEHHMX MEXAHM3MOB
(C TIOMOUKD 3PTC) M NOCTAHOBKA SAJATH LA X
PASPABOTKH (HA OCHGBE 4CA)

Konemmuit cycrap sBIAeTCH YAEBATEJNBHO{ IO CBORM cBoHcCTBAM
KoHCTDYKIReH, coszemnoft mpeponoit. TpeHES B KOJEHHOM CyCTaBe
HA HOPANOR HEXE, 96M B JyIMEX NONMETHEKAX, POpMH NOBEDXHOCTH
MHOEJKOB KOIGHREOTD CycTana ONECHBADTCH IDOMOSIKEME YDABHCHEA-
MB, 2 JBHXEHES B KOJIGHHOM CYCTaBE XSDARTEDASYSTCA CJIORHON Ka-—
HBMATHKOM,

B ciay4yae NOTEDR KOHEYEOCTH N4 008CHEeYeHES HODMASBHON XOIB~
OH POSHEKAET SanavYa OpPeIJIOX#TH, BMECTO ZOCTHImEro COBEPUEHCTBAE
3a THCAYEJIETEA SBOJIOUREE KOJAGHHOPO CYCTABA, BCRYCCTBEHHHN Mexa-
KHuaM, CHeJaTs 2T0 NPAKTRYECKH HEBOSMOXHO, SCJH¥ RMETH B BRIY
CTPEMIEHES BOCCTAHOBHTH BCO CHOXHYD PaMMy JTDaveriHuX CBORCTB.
OnHaro, eCJ® DPACCMATDEBATH MOXAQHE3M RAK yCTDOKCTBO, Deam3yn—
me¢ B TPYOOM NPHOIEXEHEE TONBKO OTHeJBLRHE CBOKCTEE KOJGHEOTD,
T0 TAKYD SanadYy IOCTABETH, DO-BHIEMOMY, MOXHO.

Mipexne BCOro DACCMRTDEBANACE MATEMATHYECKAS MOIEJb XOXBOH
yenopeka {pec. I), AAA KoTopolf GHuE cocTaBieHH yDaBHeRAA IBH-
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Puc, 1. Mezams vesa weassena

xeEEA. KavecTBo ONEHEBANOCH C NOMONEY (YHRIMOHATA BHEPrOSAT-
par Beneuroro - Uymsosa /I/:

lr‘ » e - * e
£ - /g‘ (IR Al I, 5=, e fuuy = 4 )1} 4

THhe:
P97, ¥, - MOMEHTH B cycrasax;

¥, oy =~ YT/ OTRJOHEHMA CEI'MERTOB MOJEJH OT BOPTHKaIM,
’ ‘
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Pac. 2. JluMaMeKa NMATeHTOBAHRA KOJeHHHX MEXAHR3MOB
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B artoM caydae QYHRUWMOHANBHO-CTOMMOCTHME arasma (OCA) scnosb-
30BAJICH HOCKOJBKO B ADYTOM BREIE, & UMBAHO: DACCMATDHBEJACEH
SHEpPreTHIecKas cTopMocTs (JIX) BHNOMHEHNA OTUSJBRHX (YRKIDIK
(momreGanes - paxn).

C noMombD YHASAHHOrO GYHRIEORANA OMI0 NMPOAHANE3EDOBAKO BAH-
AHEE DA3IWYHHX DaDaMeTDOB MOIS/E HA JHEPIOTPATH ODPH XoaAnle
(manpeMeD, BJIHAHES NMONrECAHES B DACHONIOReHES OCH KOJGHHOID
mapHapa) .

3arem ¢ momomso 3axkoRoB PaspuTnA Texmmwdeckwx Cmeren (3PIC)
/2, 3/ Owns NPOAHATASEDORAHH DATEHTH HA ROJGHRHE MEXAHWSMH R
OOCTDOGHH KDHBKE NWHEMEKY MATEHTOBAWES 3a nocaegrws 70 JeT
(p¥c. 2). 3TR KDPHBHE CONOCTABNGHH C JHHWEH XHMSHM TOXHNISCHMX
sucTem. IToMaMo 2TOr0, AHANTA3IBPYEMHE KOHCTDYKIEM DAcCMATDEBA-
JUCh ¢ mo3WME 3axonoB PaspaTaA Texwugeckax CacreM. B pesynb-
Tare OHN cIesaH BHBOJ 0 HEROCTATOYAOM YNPABNAEMOCTH KOHCTDYK-
oRit KOJMEBHAHX MEXaHASMOB B, KAK CJENCTBHE, HeoOXONHMOCTHE ee
JAYSmeHEA, BHY CKOHCTDYRDOBAK yupaminsesul 216KTDOMeXaHHIecKEH
KOJIBHHHA yseJ, yhomneTsBopsommii pany chopMympopasmux Tpedopa-
Huit,

Jereparypa

I. Beneuxuit B,B,, Uynsraop [I,C. llapameTpEIecKAs ONTHMESALRA
B 3anave AByHOroff xoaslu. - Mexamwwra TBepmOro Tena, 1977,
%I, c. 25 -.35,

Ly Anmmy&map I'.C. TBopYecTBO KAK TOYHasg Hayka. - M,: Cos.
pamgo, IS79, - I72 c.

3. Anrprmyanep I'.C., Cesmukmit A.B. Kpunps mmn Mrapa. - [er-
poaaBofick: Kapeamsa, I1980.- 223 c.
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BEPHIUTENH Buraanii Monceennn

MOJEJITPOBAHIIE JJIERTPITYECIKROTO CHI'IHAJIA
MBITHIBI RAR HOKA3SATET EE JIBITATEJILIION
AKTHBIHOCTII 1T CHHI'HAJIA B CUHCTEME
BHOJJERTPHUECROI'O YHIPABJJIEIIII
JIJERTPOCTITMYTIHETT MBITIIY

Crnemuaapncers 01.02.08 — SnorMexanmnia

AUCCEPTAIIINA

1A COICKAIMC YYenoii crenernmn
RanmugaTa TeXMIMeCcnux nayn
B (opMC HAYYHOIO J0KIAIA



Padora nsoiuoanena s eunrpaannos  maydio-icesnc;loBaTelb-
CROM NHCTHTYTC IpOTC3HpoBanis I nporesocrpoentnst Muunuerep-

crua conuaionoil sangnte PO,
Hayunue pykoBojgnreamn:

CIOKTOD TEXHIMECKNX HAaYK,
nupodreccop L. C. PAPBED,

tokTop onodornvecknx nayn fl. JI. CTABYHRNN
Odunuansbnuie ONUONEHTH:
aoxtop (uanno-aareyarnrecrux unays B. [I. TPEFYBODB,
JokTop (prBnko-MareMaTHYCCKIX NMayK,

upopeccop C. A, PET'IPEP

Be;yinas opramusaurs: Hierntyvr HpoGaes nepenaun uadop-
astaijinr Poccuiiekoil akajesun nayk.

/
danuita cocTouTeH 426» pm{g 09 z(r.. B I'{‘ "ac.

iiiiiiiiiiiiiiiiiiiiii

ma sacepattnr  crewnananaupopanmnoro Vcopera 1 123.02.01 mpu
Mentpaiuuod  1Hayuno-ncelIeioBaTeILCEOM HICTITYTC HPOTe3npo-
BamA 1 upotesoctpocintit no aapeey: 127486, Mockva, ya. Hsa-



37. Bernstein V.M., Farber B.S. Involvement of Ncise Immuni-
ty Systems of Myoelectric Control of Prostheses. Procee-
dings of Myo-Electric Control Symposium”® 83.

Institute of Biomedical Engineering, UNB, Frederiction,
New Brunswick, August 16-20, 1993, p.42-43.

38. Bernsteln V.M., Slavutsky J.L., Farber B.S. Myoelectric

Control of the Muscle Electrostimulation. Proceedings of

Myo-Electric Control Symposium’ 93. Institute of Biome-
dical Engineering, UNB, Frederiction, New Brunswick, Au-
gust 16-20, 1993, p.79-80. .

39. bBepHuTe#H B.M., Chasyuxuft fi.Jl., ¥apbep b.C. MUOIJCKTpH-
YeCcKOoe YNpaBlieHHEe JJEKTPOCTUMYJNIALUMK MHUIl. - MaTepuan:l
HAYUHO-TIPKTHYECKOHA KoHDeperunn LUBHHUAP, M., 1993, c¢.42.



http://docs.cntd.ru/document/901101274

O npucBOEHUM MNOYETHOro 3BaHNA "3acny>XeHHbIN
nsobpertarenb
Poccunckon ®egepaumn®

3a MHOrOMEeTHIO MnJoagoTBOPHYIO |/|3o6peTaTean|<yro OeATerIbHOCTb NMPNCBONTbL NMNOYETHOE
3BaHNeE

"3ACNY>XEHHbLIN N3OBPETATENbL POCCUNCKOW ©EOEPALINAC

OAPBEPY bopucy CnaBnHoBu4y - 3amectutento aupektopa LleHTparnbHOro Hay4yHo-
nccregoBaTenibCKkoro MHCTUTYTa NPOTE3MPOBaHNSA U NPOTE30CTpoeHus, ropoa Mockea.

[lpesmmeHnT Poccumckom demepalum B. EabumH

MockBa, Kpemsb
27 ceHTsa6psa 1993 roga
N 1494


http://docs.cntd.ru/document/901101274

Discussing TRIZ applications with Genrich Saulovich Altshuller
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PROJECTS IN PHARMACOLOGY

Line 1. Potentiating and applying a new and unique applications for FDA approved generic drugs (6 Projects).
Projectl: Polymyxin and Nephroprotectors to reduce polymyxin nephrotoxicity.

Project 2: Multiple drug resistance bacteria (MDR) new paradigm to fight MDR, use of potentiators (enhancers).
Project 3: Anti-tuberculosis drugs based on the completed phagocytosis stimulants.

Project 4: Pharmaceutical composition to activate tissue regeneration by stimulating autologous stem cells
growth, migration and differentiation stem cells.

Project 5: Binary hemostatic, based on the self-assembled modified polysaccharides and self dissolving in the
wound. Without damage to wound tissue.

Project 6: New approach of Metformin use with reduced Gastrointestinal side effects.

Line 2. Creating new generation of drugs with dynamic structures (Dynamic drugs) based onFDA approved
generic “static” drugs. ( 4 Projects)

Project 1. Anticancer strategy based on the self-assembled target RNA (tRNA).

Project 2. Strategy for development the Dynamic Antivirals based on the self-assembled modified peptides.
Project 3. Strategy for development the Dynamic vaccines based on the self-assembled modified peptides.
Project 4. Dynamic insulin based on the self-assembled modified peptides.

Line 3. New diagnostic approach for early cancer detection and early prediction of atherosclerosis and it’s
complications.



Conclusion
My scientific career plan was implementing Da Vinci’s
model of diverse education. This served as an
inspiration for 55 years of a fascinating journey.

The experiment successfully proved the hypothesis and
showed that Da Vinci’s model of knowledge, combining
his well-roundedness in diverse fields, not only provides
synergetic effect for creativity,but also helps better
understand the legacy of a great genius.



Through Window 1452 in Future

Da Vinci’s house, were he was born 15 April 1452 and Window in Future in his Bedroom (Vinci City, Italy 2019)
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[lanbHeunwmne Wwarn B HanpasaeHUU NpumeHeHuna un passntmna TPU3

1.[lanbHenwee pa3BUTUE CaMOYCTaHABANBAIOLWMXCA NPOCTPAHCTBEHHbIX
MeXaHU3MOB B bnonHxeHepuu

2.0nncaHue pabot no TPU3y B nornctuke.
3.Pa3zsutune TPU3 B bnotexHonornn n apmakosormu.
3. [1Ba nytn byayuiero pa3BuUTUA N€KaApCTB

JInHuga 1. NoTeHUuMnpoBaHUE N NPUMEHEHUE HOBbIX U YHUKANbHbIX
cpeacTs



JinHua 1. NoteHuuUmnposaHme U NnpumeHeHUe HOBbIX U YHUKANIbHbIX CpeAcTB AN
op06peHHbIX FDA nekapcTBeHHbIX cpeacTs (6 npoeKToB):

1: MOANMUKCUHBI U HEPPONPOTEKTOPLI AN1A YMEHbLUEHMNA HEPPOTOKCUYHOCTH
NO/IMMMUKCUHA.

2: MHOecTBeHHaA IeKapCcTBeHHaA yctonumsocTtb baktepum (MDR) n HoBas napagaurma
ana 6opbbbl ¢ MDRHa ocHOBe MCMNO/Ib30BaHUE EHXAHCEPOB.

3: MpoTMBOTYOEpPKYNE3HbIE NPEnapaTbl HA OCHOBE CTUMY/IATOPOB 3aBEPLLUEHHOTO
daroumTo3sa.

4: dapmaueBTUYECKaA KOMNO3ULUUA A1 aKTUBALMUKM pereHepaumnumn TKaHer nyTem
CTUMY/IMPOBAHUA POCTA AaYyTONOMMYHbIX CTBOJIOBbIX KNETOK, MUTPALIMKU U
AnpPepeHUNPOBKN CTBONIOBbLIX KNETOK.

5: BUHapHOEe KPOBOOCTaHAB/AMBAOLLLEE, HA OCHOBE CaMOOPraHU3YHOLLNXCA
MoandULMNPOBAHHbIX NOINCAXapnaoB N CaMOPacTBOPEHUA X B paHe 6e3 Bpeaa ana
OKPYKAOLLMX TKAHEN.

6: HoBbIWM NoaxoAa NCNo/sib30BaHUA MeTGOPMMHA C YMEHbLUEHHBIMU NOHBOYHbIMM
3pPeKTamm B OTHOLIEHUMU KENYAO0UYHO-KMLLIEYHOTO TPaKTa.



JiInnna 2. Co3paHue HOBOro NOKOJIEHUA NIeKAapPCTBEHHbIX CpeacTB C
ANHAMUYECKUMM CTPYKTYPamMM (AMHaMHUUECKMMU npenapaTamu)
Ha OCHOBe pa3peweHHbIX FDA npenapaTos:

1. CTtpaTterma npoTMBOPaAKOBbLIX CPeacTB Ha OCHOBe
camoopraHusytowenca tapretHon PHK (TPHK).

2. Crtparteruna pas3sutna AmHammyeckoro [NNpoTnMBOBUPYCHOTO
npenapat Ha OCHOBE CaMOOPraHn3yoLWnXcA
MOANPULMPOBAHHBLIX NENTUAOB.

3. Crparteruna passmntna AMHammnyeckmnx BakumH Ha OCHOBe
CaMOOPraHU3YyLWMUXCA MOAUDULIMPOBAHHbBIX NENTUAOB.

4. NNHaMMNYECKUU MHCYNNUH Ha OCHOBE CaMOOPraHM3YHOLLUXCS
MOANPUUMNPOBAHHbIX NENTUAOB.



TuHua 3. HoBbIM AnarHOCTUYECKUM noaxoa AN

PaHHEero BbIABJIEHNA paKa U PaHHEero NPOrHo3npoBaHuUA
aTepPOCK/Iep03a U 3TO OC/IOXKHEHUN.



[TpogoNKeHMe AoKNaa, eC/IM OCTaHeTCH
BpEeMS



Lower Limb Prosthesis Classification (Stance Phase)
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System Operator for Above Knee Prosthetics Unit Design in Phase,
Implementing biomechanical indirect action of muscles

Super system: Treatment
& Regeneration of all

A Man organs. Cloning

Low-functional “pirate” System: Lower limb PSS T ZXtema' ] Treatment & Regeneration of
h rosthesis POHIEES, HEIEESE the lower extremities. Cloning
prostheses P functionality and control

SUbsyStem: Functional knee units with Treatment & Regeneration of

N (@) kn ee un |tS : advance stability & control the knee joints. Avoiding
Knee Unit helping in toe off phase Amputation




Farber B. et al., Patent # 1175472




Farber B. et al., Patent # 1175472




Farber B. et al., Patent # 2061443




Farber B. et al., Patent # 1469602
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Farber B. et al., Patent # 2043091
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Angles and ground reactions in regular
prosthetics gait and our functional unit




Farber B. et al., Guide knee mechanism with
stance phase control




Farber B., Patent # 1146038, A61F 2/64




Farber B., Patent # 1189708 B60T 1/06
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Farber B., Patent # 1143631, B60T 1/06
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Farber B., Patent # 112496




Farber B., Patent #1175471
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Guide knee unit with external control in stance
phase

3 guide knee units control




Knee unit with external control in stance phase
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Farber B., Trajectory of movements General Mass Center in a/k
prosthetics with knee control (indirect action of muscles effect)

The First in The World BIOMECHANICAL EFFECT
IMPLEMENTATION (TRIZ Principle Modification #36. Phase

transition)




Farber B., Patent # 1088717




Farber B., Patent # 1157290, F 16 D 49/08




Farber B., Breaks. Kinematics of Stance phase
Knee Units




Knee angles and ground reactions with control units off
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Knee angles and ground reactions with control units on
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Farber B. et al., Above Knee Prosthetics with
external source of energy Patent#1607799

System Operator: Jump to a System of Future




Angles and ground reactions functional a/k
prosthetics




Hodographs of ground reactions




System Operator for The First Hip Disarticulation Lower Limb Prosthetics

Hip Unit Desig

Past Present Future
Treatment

Super system: :
& Regeneration of all
A Man organs. Cloning

ldeal final result

Prostheses with external
energy sources, increased
functionality and control

Low-functional
Prostheses without
movement in hi

Treatment & Regeneration of
the lower extremities. Cloning

System: Lower limb
prosthesis

Treatment & Regeneration of
the hip joints. Avoiding
Amputation

Subsystem: Functional hip units
Hip Disarticulation Unit with advance control

No hip units




Hip Disarticulation Lower Limb Prosthetics
Parameters of elements Viscosity
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Hip Disarticulation Lower Limb Prosthetics
kinematics of functional length in a swing phase
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Subsystem?2-Supersystem-Subsystem3
Farber B. et al., The First Hip Disarticulation Lower

Limb Prosthetics with guide element Patent #1600758
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Farber B. et al., The First Hip Disarticulation Lower
Limb Prosthetics with guide element Patent #1600758
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Hip Disarticulation Lower Limb Prosthetics

SOCKET

HIP JOINT -

PYLON
ROITATOR

KNEE JOIN
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Farber B. et al., Patent # 2012286 “Spiral
Poynting effect” Socket




Farber B. et al., Patent # 1630815 Effect
memory form for polymers




Farber B. et al., Patent # 2092134 Orthotics




Farber B. et al., Patent # 1560186 Orthotics




Farber B. et al., Patent # 2074677
Adjustment Device
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