Application
for the TRIZ Master Degree

for outstanding achievements in the field of practical application of TRIZ
Dr. Boris Farber

3asBka Ha noaydenue kpanuuxkauun Macrep TPU3 B HomuHanum 3a ycnexu B npumeHennu TPU3 B
NpaKTHKe pelieHns N300peTaTeIbCKUX 3124 M CO3AaHNs N300peTeHMi ¢ npuMeHeHueM MeTonoB TPU3
Hoktopa bBopuca Cirapunopuua ®apoepa

OrnaBJjenne

1. CV u Beinucka u3 Juuukinoneanu "Benukas Poccusa", 2018. Crp. 3-7

2. [lepedens onyOIMKOBAaHHBIX ATEHTOB KaHIUAATa (HE MEHee AecsiTH naTeHToB) (cTp.8 - 13);

3. CnucoK HECKOJBbKUX MHHOBAIMOHHBIX MPOEKTOB ¢ pedepaTaMu, B padoTe HaJl KOTOPHIMU KaHIHIAT aKTHBHO
ygactBoBas (CcTp. 14-27);

4. Heckonbko mpumepos (2-3) HanOomnee 3GeKTUBHBIX U JIEHCTBEHHBIX PEIICHNH, BEIPaOOTaHHBIX KaHIUIATOM
(6e3 HapyuIeHHs TOJIOKEHHH O KOHQUACHIMAIBHOCTH) C BKJIFOUYEHHEM ONHCAHWHA METOAMYECKHX ACTIEKTOB
npumenenus: TPU3 B npakTrueckoit padbote kanauaata, two cases study:

4.1. Artificial foot;

4.2. Knee unit for Lower Limb for prosthetics (ctp.28-66);

5. Kornu HECKONBKUX CTATEH W KHUT 110 MPAKTHYECKOMY HCIIOb30BAHUIO N300pETCHUI KaHI11aTa, pe3yIbTaToB
WHHOBAIIMOHHBIX MPOEKTOB, B KOTOPHIX KaHAMIAT aKTUBHO y4YacTBOBaJ (BKJIIOYAsi BHEAPEHHbBIE MPOIYKTHI U
TEXHOJIOTHH, TIOTYYeHHBIN SKoHOMHIUYecKuil 3 ekt u 1. 1.) (cTp.67-132);

5.1 Farber B.S Solution of inventive tasks at the macrolevel. Social Laboratory of the Theory of Invention (see
Altshuller G.S.) Polish Academy of Sciences, Institute of Philosophy and Sociology, Design research in
Progress, Warsaw 1987, p.16-17.

5.2 @apbep b.C. Metoauka pemenus “MakpoypoBHeBbix "'3a1au B TP3 MeTomonorust 1 METObI TEXHHYECKOTO
TBOpYecTBa. Te3uchl TOKJIAI0B U COOOIIEHUH K HayYHO-TIpakTH4eckoi KoHpepenuu. Axkagemus: Hayk CCCP,
Cubupckoe otnenenue, Mucrutyt ucropuu, ¢unonornu u ¢wiocopun CA AH CCCP, dunocodcekoe
obmectso CCCP, HoBocubupckuii ['ocymapcTBeHHBIN YHUBEPCHTET, CTp. 76-78,1984

5.3 ®@apbep b.C., Hukutun H.I'. [IporaozupoBanre KOHCTPYKIMNA KOJIEHHBIX MexaHu3MoB (¢ nmomoibio 3PTC) u
TIOCTAaHOBKA 337a4y JIs X pa3padoTku (Ha ocHoBe @CA)MeToa0I0THs U METOIBI TEXHUIECKOTO TBOPIECTBA.
Te3wcsl MOKIAMOB W COOOMICHWHA K HaydHO-TIpakTH4deckod KoHdepeHmun. Axagemuss Hayxk CCCP,
Cubupckoeoraenenue, Muctutyt ucropuu, ¢unonorun u ¢unocopun CA AH CCCP, Punocodcekoe
obmectBo CCCP, HoBocubupckuii 'ocynapcTBeHHBINM YHUBEPCUTET, cTp. 122-124,1984.

5.4 ®apbep b.C., Burenzon A.C., Mopeitauc W.I1. TeopeTndeckue OCHOBHI TOCTPOCHHS IPOTE30B HUKHUX
KOHeuHOcTel u koppekuuu asmkenust. [lon penakiueit b.C. @apbepa, B 4-x Tomax, Mocksa "Hayka"-LITHUUIIT
2041 ctp., 1993-1994.

6.Ykas3 [Ipesunenta Poccuiickoit ®enepaunu ot 27.09.1993 1. Ne 1494 (crp.133);
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OruaBienue

1. CV u Beimucka n3 Junukinoneanu "Bemukas Poccus”, 2018. Crp. 3-7

2. [lepeuens omyOIMKOBaHHBIX TATEHTOB KaHIUAATa (HE MEHee JIecsATH nmaTteHToB) (cTp.8 - 13);

3. CnuCcOK HECKOJIbKUX WHHOBAIMOHHBIX MPOEKTOB ¢ pedepartamu, B pabOTe HaJ KOTOPHIMU KaHIUIAT aKTUBHO
ygactBoBas (CcTp. 14-27);

4. Heckonbko npumepos (2-3) HanOomnee 3peKTUBHBIX U IEHCTBEHHBIX PEIICHNH, BEIPAa0OOTaHHBIX KaHIUAATOM
(Oe3 HapyIIeHHs TOJOKEHHH 0 KOHGUJACHIMATIBHOCTH) C BKJIFOUCHHEM OMHMCAHMHA METOJUYECKUX aCIEKTOB
npumenenus TPU3 B npakTrueckoit pabote kanauaata, two cases study:

4.1. Artificial foot;

4.2. Knee unit for Lower Limb for prosthetics (ctp.28-66);

5. Koy HECKONBKUX CTATEH W KHUT 110 MPAKTHYECKOMY HCIIOB30BAHUIO N300pETCHUI KaHI11aTa, pe3yIbTaToB
WHHOBAIIMOHHBIX MPOEKTOB, B KOTOPHIX KaHAWJAT aKTUBHO y4YacTBOBaJ (BKJIFOYAs BHEIPEHHBIE MPOIYKTHI M
TEXHOJIOTHH, TIOTYYSHHBIN SKoHOMHUYecKuil 3 ekt u 1. 1.) (c1p.67-132);

5.1 Farber B.S Solution of inventive tasks at the macrolevel. Social Laboratory of the Theory of Invention (see
Altshuller G.S.) Polish Academy of Sciences, Institute of Philosophy and Sociology, Design research in
Progress, Warsaw 1987, p.16-17.

5.2 ®apbep b.C. Metoauka pemenus “MakpoypoBHeBbix "3a1a4d B TPH3 MeTtomoiorus 1 MeTOIbl TEXHHYECKOTO
TBOpuecTBa. Te3uchl TOKJIAI0B U COOOIIEHUHI K HAyYHO-TIpakTH4ecKoi KoHpepenuu. Axkagemust Hayk CCCP,
Cubupckoe otaenenue, Mucrturyt ucropun, ¢unonorun u ¢uiocopun CA AH CCCP, dunocodekoe
obmiectBo CCCP, Horocubupckuii 'ocynapcTBeHHBINH YHUBEPCUTET, CTP. 76-78,1984

5.3 ®@apbep b.C., Hukutun H.I'. [IporaozupoBanne KOHCTPYKIHMNA KOJIEHHBIX MexaHu3MoB (¢ nmomomibio 3PTC) u
MOCTaHOBKa 3a/1a4 1711 uX pa3pabotku (Ha ocHoBe @CA)MeTom05I0THS U METOIbI TEXHUYECKOTO TBOPUECTBA.
Te3wcsl MOKIAOB W COOOIICHWHA K HaydHO-TIpakTh4deckod KoHbepenmuu. Axagemus Hayxk CCCP,
Cubupckoeotaenenue, Muactutyr uctopuu, ¢uimonsoruun u ¢umocopun CA AH CCCP, dunocodcekoe
obmectBo CCCP, HoBocubupckuii 'ocynapcTBeHHBINH YHUBEPCUTET, cTp. 122-124,1984.

5.4 ®apbep b.C., Burenzon A.C., Mopeitauc W.I1. TeopeTndeckue OCHOBHI TOCTPOCHHS TPOTE30B HIKHUX
KOHEYHOCTEH 1 Koppekiuu apmwkenus. [lox penakuueii b.C. dapbepa, B 4-x Tomax, Mocksa "Hayka"-IIHHAMIT
2041 ctp., 1993-1994.

6.Ykas3 [Ipesunenta Poccuiickoit @enepammm oT 27.09.1993 1. Ne 1494 (c1p.133);



O npUCBOCHUH TIOYETHOI'O 3BaHUs «3acilyKeHHbIN n300perarens Poccuiickoit denepannny

7. JanbHeiimee pa3BuTHe MOMX MPoeKToB Ha 6aze TPU3 B kopmopanusix couckarens (ctp.133-134)
8. IlucpmMenHbIe pekoMeHIanny kKak MuHUMyM 0T 39 Macrepos TPU3(cTp. 135-219)

Crucok 40 pexomenaamnuit Mactepos TPU3 [lp. bopucy CnaBunoBuuy dapbepy,
o HomepaMm JlummomoB Mactepa TPU3

TRIZ Master
Diploma
1. |1 Amnuel Pesakh Awmnayaib [Tecax
2. | 4 Buhman, Isak Byxwman Mcak
3.1 8 Gerasimov, Vladimir I'epacumoB Biagumup
4. | 13 Guin, Anatoli I'nn Anatonuii
5.1 14 Gafitulin, Marat ladurynua Mapar
6. | 15 Zlotin, Boris 3ot bopuc
7. 116 Zusman, Alla 3ycman Amia
8. |22 Kriachko, Valentina Kpstuko BaneHtnHa
9. |24 Kislov, Alexander Kucno Anekcasp
10.| 28 Litvin, Simon JIntBua Cemen
11.| 30 Ladoshkin, Victor Jlagonkua Buktop
12.| 31 Lyubomirskiy, Alexander Jlrobomupckuii Anekcanap
13.] 36 Murashkovski, Julius MypanikoBckuid FOmmit
14.| 38 Narbut, Alexander HapOyT AnexcaHap
15.] 42 Pevsner, Lev [TeB3uep Jle
16.| 43 Petrov, Vladimir [TerpoB Brnaaumup
17.] 44 Rubin, Mikhail PyOun Muxann
18.| 45 Royzen, Zinovy Poiizen 3uHoBui
19.| 47 Sibiryakov, Vissarion CubupsikoB Buccaprnon
20.| 52 Stupniker, Yuri Crymaukep KOpu
21.] 56 Fey, Victor ®eii Bukrop
22.] 61 Tzourikov, Valeri Lypuxo Banepwuii
23.] 62 Shusterman, Mikhail lycrepman Muxania
24.| 67 Kudryavtsev, Alexander Kyapsisries Anekcasap
25.]1 69 Shpakovsky, Nikolay [makoBckuii Hukomaii
26.| 71 Axelrod, Boris Axkcenbpon boprc
27.| 72 Feygenson, Naum Qeiirencod Haym
28.| 73 Devoino, Igor Hesoitno Urops
29.1 75 Belski, louri Benpckwmii FOpu
30.] 79 Logvinov, Sergei Jlorsunos Cepreii
31.] 80 Kaplan Len Kannan Jlen
32, 81 Efimov_Andrei EdumoB Anpapeii
33.] 82 Goldovsky Boris lNonpockuii bopuc
34.] 84 Bradley Jim Bpanu [xum
35.] 85 Danilovsky Jura Janunosckuit FOpuit
36.| 87 Valeriy Prushinskiy [pymuHckuii Banepuii
37.] 88 Abramov Oleg Abpamos Ouer
38.1 90 Faer Sergey Daep Cepreii
39.] 91 Minaker Viktor Munakep Buxrop
40.] 98 Severinec Georgi ['eopruit CeBepunery




1.CV
Dr. Boris Farber
225 Broadway, New York, NY 10007
amerimedtech@yahoo.com phone (718) 787-1888

Professional Positions and Employment:

CEO, Noigel, LL.C

2010-Present, New York

R&D in MDR, Biotechnology, Pharmacology based on Mathematical Modelling,
TRIZ (Theory of Inventive Problems Solving)

CEOQO, TRIZ Biopharma International, Corp

2017-Present, New York

R&D in MDR, Biotechnology, Pharmacology based on Mathematical Modelling,
TRIZ (Theory of Inventive Problems Solving)

CEO, QuaziVita International, LLC

R&D in Bioengineering, Biotechnology, Pharmacology based on TRIZ
2017-Present, New York

TRIZ Universal Consulting, Inc

R&D in Bioengineering, Logistics, Pharmacology, based on TRIZ

2018-Present, New York

CEO, Farber’s Center for Academic Success, Inc

2007-Present, New York

Modern Methods in Education, R&D in Education and Science, R&D in MDR,
Biotechnology, Pharmacology based on Mathematical Modelling, TRIZ (Theory of
Inventive Problems Solving)

CEO, Patterns Image Corporation, INC
2001-2007, New York
Modern Methods in Education, R&D in Education and Science

Central Institute of Prosthetics and Orthotics Design

Director of Science (Post Graduate Student, Scientist, Chair of Department of
Artificial Limbs)

R&D in Bioengineering, Biomechanics, Artificial Limbs,

1979-1995, Moscow

CEO, Lower and Upper Prosthetics for Disabled, Inc
1989-1997, Moscow
R&D in Bioengineering, Biomechanics, Artificial Limbs, Dynamic Systems

CEO, Technological Industry of Prosthetics and Orthetics, Inc.,
1989-2004, Moscow

R&D in Bioengineering, Biomechanics, Artificial Limbs, Dynamic Systems
Magneto Rheological Technologies, Prosthetics and Orthotics, Scoliosis

Director of Science and Cofounder, Ortho-Cosmos Inc.,


mailto:amerimedtech@yahoo.com

1989-1995, Moscow
R&D in Bioengineering, Artificial Limbs, Prosthetics and Orthotics

CEO, Ecolotex, Inc.,
1989-1995, Moscow
R&D in Bioengineering, Artificial Limbs, Magneto Rheological Technologies

Educational Background:
Peter the Great Polytechnic University (St. Petersburg)
1987-1992
Dr.Sci., Control in Biological and Medical Systems

Moscow State University of Instrument Engineering and Computer Science, Moscow
1982-1987
Ph.D. in Bioengineering and Robotics

Central Research Institute of Prosthetics and Orthotics, Moscow
1979-1985
Ph.D. in Biomedical Engineering, Medical Instruments.

Higher Attestation Commission, Russian Federation
Professor Diploma in Biomechanics, 1994

Academy of Intellectual Property, Moscow
Patent Law, 1981

Moscow Institute of Patenting, 1979

Major Products:

Bioengineering, Medical Instruments, Robotics, Biomechanics, Artificial Limbs, Nano and
Biotechnology, Pharmacology, Applied Mathematics, Applied Mechanics, Artificial Intelligence,
Control in Biological and Medical Systems, Computational and Mathematical Modeling, TRIZ.

Based on TRIZ I have been developing self-adjusted and self-organized dynamical systems in many areas of his
research starting in 1971 with Semiconductors, then dynamic layered system in 1973, in 1984 inventions in
dynamic multiaxial vehicles, created the world’s first group of self-adjusted dynamical mechanisms for
Bioengineering in Prosthetics 1979, developed self-adjusted dynamical rheological elements based on magnetic
liquid for prosthetics and for training devices in 1983. Starting from 1984, was published development forecasts for
Prosthetics and Orthotics based on TRIZ, which were used for creating a line of pioneer self-adjusted prosthetics
and orthotics. Invented the first adaptive dynamic self-adjusting rational systems in bioengineering that are patented
and commercially available in the rocket and space industry. Inventions have helped hundreds of thousands of
patients in rehabilitation with spinal problems (including a new proprietary method of treating scoliosis), lower and
upper limbs prosthetics and orthotics and improved their lifestyle.

A team was created, trained the Team TRIZ and made the next logical step by applying this approach of self-
adjusted and self-organized dynamical system for developing different aspects in the medical field. Research in
self-adjusted and self-organized dynamical drugs was started in 1993. As a result, a new group of 21 medical drugs
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were discovered, including the first dynamic drugs in the World. These drugs are quasi-living, self-adjusted, self-
organizing dynamic medicinal and diagnostic medicines, which represent a revolutionary jump from static
medicines to dynamic drugs with variable structure and synergy. These drugs system have the ability to adjust to
the body of each individual, and to adapt to its system of receptors. As a result, the effectiveness of such drugs
increases and the action spectrum extends substantially. The implementation of this approach has shown
tremendous results. For instance: a dynamic antiviral veterinary drug was produced showing wide action spectrum
and efficacy. Another example is hemostatic "Gemma" successfully applied in practice on the battlefield and saved
hundreds of lives. We continue to research dynamic anti-cancer drugs, antiviral drugs, synergistic quasi-living
antibiotics, and antiatherosclerosis drugs. We also develop quasi-living medicines for diabetes, insulin, vaccines,
and wound healing and a method of reducing polymyxin nephrotoxicity.

Honors & Awards
“Honored Inventor of Russian Federation” 1993(Russia)
Professor and Biotechnologist of the Years 2010-2019 (New York).
Gold Medals and Diplomas of Nicholas Tesla, Da Vinci, Carl Gauss, Leonard Euler, Robert
Koch (and 11 more).

Affiliations
American Society for Pharmacology and Experimental Therapeutics , IEEE Computer Society,
International Society for Prosthetics and Orthotics; International Society of Biomechanics;
Rocket-Space Academy; Academy of Medical Technical Sciences; New York Academy of
Science; Russian Academy of Natural Sciences, Peter the Great Academy of Arts and Sciences,
European Academy of Natural Sciences, Association for Experiential Education, American
Society for Engineering Education, International Society for Education through Art, International
Academy for Homotoxicology, The Optical Society of America, American Society of
Association Executives, History of Science Society, Society for the History of Technology,
Renaissance Society of America. American, Australian, European, Singapore, Canadian,
German, London and Edinburgh Mathematical Societies

Career Accomplishments

As aresult, hundreds of patents in bioengineering, many of them implemented and produced in space
rocket industry, a new group of 21 medical drugs was discovered. These drugs are quasi-living, self-
adjusted, self-organizing dynamic medicinal and diagnostic medicines, which represent the next stage
from static medicines to dynamic drugs with variable structure and synergy. These drugs system have the
ability to adjust to the body of each individual, and to adapt to its system of receptors. As a result, the
effectiveness of such drugs increases and the action spectrum extends substantially.

Research & Publications:

4 books; 160 inventions published in open sources, 500+ articles; Lectures; Founder and
Editor-in-Chief, "Biomechanics and Prosthetics"; Editor of "Prosthetics and Orthotics".
Presentations keynote speaker and publications at international congresses in the U.S.,
Australia, Belgium, Bulgaria, Canada, China, England, France, Germany, Greece, Holland,
Italy, Japan, Russia, Scotland, Sweden, Turkey, United Arab Emirates and Yugoslavia.
40+ years’ experience in the fields of Bioengineering, Nano and Biotechnology,
Computational and Mathematical Modeling.




1.A List of 191 published patents (not confidential, from open sources) of a candidate (no less than ten

patents);
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10.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.

YCTpoicTBO TSI THHAMWYECKUX MCTIBITAHNN HJOPOKHBIX onexn, [larent Ne 633974 ot 8.07.1977 1.
YCeTpoicTBO ISl TMHAMUYECKUX UCTIBITAHUN JOPOKHBIX onex, [larent Ne 633975 ot 11.07.1977r.
VYerpoiictBo mtst m3mepenns npodurst, [Tarent Ne 643749 or 5.08.1977 1.

Jle6anancueiii BuOparop, [larent Ne 649478 ot 5.10.1977

Crioco0 cenuMeHTallMOHHOro a"anu3a, Ilarent Ne 693166 ot 28.09.1977 r.

YcTpoiicTBo aiist BO30YkIeHUs celicMuueckux konebanu, [Tarent Ne 714322 ot 28.09.1977 .
Crioco6 onpenenenus ko3ddunuenta punprparuu, [Tatent Ne 715976 ot 23.08.1978 r.
YcTpoiicTBO AMst XpaHEeHHs ITYYHBIX TPy30B, [latent Ne 887366 ot 2.04.1980 .

Y CTpOHCTBO AJ1s1 MOHTa)Ka M JIEMOHTaKa OTTSDKHBIX MPY>KUH TOPMO3HBIX KOJIOAOK aBTOMOOHIIS,
[MaTent Ne 914359 ot 23.04.1980 .

CTaHOK 11 MHOTOTIO3UITMOHHOM IPpUTHPKH KitarmaHoB, [latent Ne 942954 ot 9.12.1980 r.
Tpenaxep oneparopoB cucteM ynpasinenus, [larent Ne 953652 ot 14.01.1981 1.

Cremnax, I[Tatent Ne 981124 ot 26.06.1980 1.

VYerpoiicTBo st 1o3upoBanust )KuakocTy, [larent Ne 993031 ot 29.12.1979 1.

YeTpoicTBO AU1sl MpeAOBpaeHUs IPOCKaIb3bIBaHUS KOJIECA TPAHCIIOPTHOTO cpenctBa,llateHTt Ne
1044474 ot 26.11.1981

IMoaseMmuuk juis BeIBemuBanus apTomoouiei, ITarent Ne 1049419 ot 26.11.1981

Kacca mns cbopa rumater 3a mpoesn, [latent Ne 1062737 ot 3.09.1982 ¢

Konennstit y3en nporesa 6eapa, [Tarent Ne 1088717 ot 2.03.1983 1.

YcrpolcTBo A1t BU3yalbHOTO npeacTasienus nadopmanuu, [Tarent Ne 1103279 ot 22.10.1982 1.
Kaccosniii anmmapar, [Tatent Ne 1119046 ot 12.05.1983 r.

Konennsrit Mexanusm mnpotesa 6enpa, [Tatent Ne 1124964 ot 29.04.1983 r.

[Ipores 6enpa, [TaTtent Ne1138151 ot 26.10.1983 1.

Crioco0 M3roToBIEHHs 00IUIIOBOYHBIX 000JIOUEK TPOTE30B U3 TTOJIUMEPHBIX MAaTEpHAaJIOB,

ITatenTt Ne 1134195 ot 21.07.1980 1.

Mexann3m OIIOKMPOBKH Bpamatomierocs Bana, [latent Ne 1143631 ot 27.07.1983 1.

Konennsiit mexanu3m nporesa, [Tarent Ne 1146038 ot 11.05.1983 r.

Jlentounsrit Topmos, [Tarent Ne 1157290 ot 27.07.1983 r.

Croco6 Bo3BeaeHus H0poxHOM oaexbl, [larent Ne 1164357 ot 5.11.1983 r.

YcrpolcTBO 11t HeHTpoOex)HOTro popMoBanus moibix uzaenuit, [larent Ne 1168425 ot 21.07.80 T.
Poropnas nutbeBas ycraHoBka 1iis mepepaboTku nonumepos, Ilarent Ne 1168427 ot 21.07.80 1.
[Ipore3 nmxkuel koneunocty, [Tatent Ne 1175471 ot 29.04.1983 1.

IIpore3 nmxkHel koneunocty, [Tatent Ne 1175472 o1 31.10.1983 1.

Mexann3m G10KMpOBKH Bpamatomierocs tena, [latent Ne 1189708 ot 27.07.1983 .

Xopgosas tenexka, ITarent Ne 1199885 ot 7.03.1984 r.

YcerpolicTBo mi1st neHTpoOexHoro GpopmoBanus nossix uzaenui, [larent Ne 1168425 ot 21.07.1980 .
PotopHas nutbeBas ycraHoBKa /ist iepepabotku nonumepos, [latent Ne 1168427 ot 21.07.1980 .
Opronenndeckuil annapaT Ha HUOKHIOK KOHEYHOCTB, [1ateHnT Ne 1215692 ot 6.03.1984 r.
Yerpoiicto utst BeImaun OmneToB, [latent Ne 1223262 ot 14.06.1983 r.

Opronennyeckuil annapaT Ha HUKHIOK KOHEUHOCTB, [TatenT Ne 1245309 ot 29.12.1984 r.

Crioco0 omnpezenenrss MTHOBEHHOTO LIEHTpa BpalleHus KOJIEHHOro cycTasa, [larent Ne 1268149 ot
22.02.1984 r.

VY CTpoicTBO AMArHOCTUKY MHAYKIIMOHHBIX KaTyllek 3axkuranus, [Tatent Ne 1280959 ot 3.07.1984
. YCTPOHCTBO IS OTIPEACIICHNSI MOMEHTOB CHUJI B cycTaBax kKoHeuHocTH,Ilatent Ne1286161 ot
9.04.1985r

[Ipore3 nmxnel koneunocty, [Tatent Ne 1323100 ot 29.07.1985 1.



41.

42.
43.

44,

45.

46.

47.
48.

49.
50.
51.
52.
53.
54.

55.

56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

67.
68.
69.

70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

YcTpolcTBO 715 TIEpEMEIIMBaHUS JOPOKHONM CMECH B Ky30BE TPAHCIIOPTHOI'O CPEJICTRA,

[TaTent Ne 1320319 ot 21.01.1986 1.

Uckyccrennas croma, [latent Ne1338856 ot 29.12.1985 1.

YcrpolicTBo a1t 001eryeHus 3amycka ABUraTesis BHyTPEHHEr0 CrOpaHus,

[TaTent Ne 1343971 ot 23.12.1985 1.

YcrpoiicTBo amst oberdeHus 3amycka JBurarens BHyTpeHHero cropanwms, [latent Ne 1351292 ot
15.11.1985 r.

YCTpoHCTBO 7151 U3TOTOBJICHUS MOJIBIX H3/IEIUH METOJOM HAMOTKHU JAJIMHHOMEPHOTO MaTepHana,
[TaTent Ne 1368188 ot 6.07.1984r.

Crioco6 mpeaprHKy0anoHHOM 00pabOTKH SIUIT U yCTPOHCTBO IS €r0 OCYIIECTBICHUS,

[TaTent Ne 1362479 ot 3.04.1985 .

[Ipote3 HmwkHEH koneunocTH, [Tarent Ne 1391642 ot 7.07.1986 .

VYcTpolicTBO A U3MEPEHUS 3apPECCOPEHHOCTH B3aUMHOMN MOJBHUKHOCTH OT/IE€JI0B T'OJIEHOCTOITHBIX
y3JI0B IPOTE30B HIKHUX KoHeuHocTel, [TarenT Ne1398857 ot 3.03.1986 1.

JloposkHast 01ek1a MHOTOTIOJIOCHOM aBTOMOOMITEHO# mopory, [TareHT Ne 1402631 ot 5.08.1986 T
lNonmenoctomnusnit y3en mporesa, [Tarent Ne 1409258 ot 11.09.1986 T.

TlNonenoctonnsii y3en, ITatent Ne 1410970 ot 7.07.1986 r.

Jo3upyroliee yCTpoHUCTBO U1 ChITy4unx MaTepuanoB, [larent Ne 1418573 ot 21.04.1986 r.
Amopruzatop, [Tarent Ne 1435865 ot 9.03.1987 1.

Crioco0 omnpenenennss TEXHUYECKOTo COCTOSHUS HMIMHIPONOPIIHEBOM IPYyITBl aBTOTPAKTOPHOTO
JBUTATENs BHyTpeHHero cropanus, [latent Ne 1437714 ot 28.06.1985 1.

YCTpoHCTBO A71s1 HCCNENOBAHUS TMHAMUYECKUX XapaKTEPUCTUK Y3JI0B IPOTE30B,

ITatent Ne 1442208 o1 2.02.1987 r.

[Ipore3 Genpa, [TaTtent Ne 1454448 ot 6.11.1986 T.

[Iporte3 Hmxuel koneuHocTH, [1atenT Ne 1454450 ot 25.11.1986 1.

Opronenuyeckuii annapaTt Ha HUKHIOI0 KOHEYHOCTB, [lateHT Ne 1468525 ot 10.04.1987 r.
[Ipore3 HmwxkHel koHeuHocTH, [TateHT Ne 1469602 ot 2.02.1987 .

[Ipores 6enpa, [Tatent Ne1466738 ot 7.01.1987 r.

[Ipore3 nmxkuel koneunocty, [Tatent Ne 1489754 ot 10.11.1987 1.

Opronennyeckuil annapaT Ha HUKHIOK KOHEUHOCTS, [latenT Ne 1489755 o1 30.11.1987 r.
Opronenuyeckuii anmapaT Ha HUKHIOIO KOHEYHOCTh, [TatenT Ne 1489756 ot 30.11.1987 r.
Opronennyeckuii anmnapaTt Ha HUKHIOIO KOHEYHOCTB, [latenT Ne 1489757 ot 30.11.1987 r.
I'onenocTomnusi y3en npoTte3a HUKHEN KoHeuHOCTH, [TatenT Ne 1498490 ot 16.11.1987 .
YcTpoiicTBO A M3MEPEHUs NaBIeHHs B IIMHAX TPAHCIIOPTHOTO cpeacTia, [larent Ne 1520368 ot
20.07.1987 r.

KomnpeccnonHo- quctpakimoHHeli annapat, [Tatent Ne 1553091 ot 24.11.1986 1.
KOctupoBouHOE yCTpOicTBO 7151 MPOTE30B HIKHUX KoHewHocTel, [1atent Ne 1553116 ot 29.06.1988 .
Crioco0 OIeHKH acCUMETPHUHN XOAb0BI U Oera B eCTECTBEHHBIX yclnoBusx, [larent Ne 1560092 ot
4.05.1987 r.

Konennsliit y3en qyis oTpe3oB u mpote3oB, [Tatent Ne 1560186 ot 14.04.1988 r.

Optonenuyeckas crenbka, [latent Ne 1570723 ot 5.05.1988 ¢

Baprep 6e3omacuoctu, [Tatent Ne 1576622 ot 20.09.1988 r.

Opronennyeckuii annapaT Ha HUKHIOK KOHEUHOCTB, [latenT Ne 1577787 ot 25.08.1988 r.

Opres, [Tatent Ne 1584940 ot 15.09.1988 .

l'onenocTomnusil y3en oproneanueckoro annapara, [larent Ne1586704 ot 25.08.1988 r.
Maccaxuslii 00pyy, [latent Ne 1595515 ot 15.11.1988 1.

YCTpoicTBO A1t BU3yalIbHOTO TIpenicTaBienns nHpopmanuu, Ilarent Ne1596374 ot 30.06.1988 r.
[IpoTtes mocne BerwieHenus oeapa, [arent Ne 1600758 ot 6.04.1988 r.

l'onenocTomHbIf y3en npoTe3a HKkHEH koHewHocTH, [latrent Ne 1600759 ot 20.09.1988 .
YcTpoiicTBo st pacTsbkeHus U pukcanuy no3BoHouHMKa, [latent Ne 1602519 ot 28.11.1988 r.
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[Ipote3 6enpa, ITarert Ne 1607799 ot 20.07.1988 r.

Banern Bubpanmonoro katka, [Tatrent Ne 1608282 ot 28.11.1988 r.

Crioco6 m3rotoBnHUs pykosteit, [latenr Ne 1613316 ot 20.05.1988 1.

[Tosic-xopcert, I[Tatent Ne 1621919 ot 17.02.89 1.

Cocyn mns kopmiieHus peoenka, [Tarent Ne 1621933 or 3.02.1988 r.

Cwmecurensb, [Tatent Ne 1622138 ot 11.07.1988 1.

[Ipotes Genpa, [Tatent Ne 1627173 ot 15.09.1988 r.

Pyunoit maccaxep, [Tarent Ne 1627178 ot 11.07.1988 1.

YerpoiicTBo it Maccaka koHewroctel, [latert Ne1629059 ot 30.05.1988 1.

Crnioco0 momy4eHHs CIEMKOB MPY U3TOTOBJICHUH MPOTE3HO- OPTONEINUECKUX H3IENNH,

[TaTent Ne 1630815 ot 22.11.1988 1.

Hactun, ITatent Ne1635991 ot 30.05.1988 1.

YerpotictBo mi1st auddepeHIpoBaHHOIO U3MEPEHUS KOJIMUECTBA IIar0B B €CTECTBECHHBIX YCJIOBHSIX,

[TaTent Ne 1648364 ot 4.05.1987 r.

Crioco0 u3roToBiaeHus 3amuTHoro nuiemMa, [Tarent Ne 1651834 ot 5.05.1988 r.

3acrexka mist o0yBwu, [latent Ne 1651836 ot 6.07.1988r.

VY3en ynpaiieHus MpoTe3oM BepxHeil koHeuHocTH, [Tarent Ne 1664308 ot 28.07.1989 r.

YcTpoHCTBO 7151 OLIGHKH BaKyyMHOTO KperieHus npote3a 0enpa, [larent Ne 1718906 ot 7.03.1990 r.

Opnnopazosbiit mnpu, ITatent Ne 1727845 ot 09.02.1990

[Ipotes 6enpa, [Tatent Ne 1729508 ot 14.11.1990 r.

YeTpoicTBO 1S ICUEHUS COCYAUCTBIX 0TeKOB, [latenT No 1731215 ot 26.04.1989 r.

[Tnockory6usr, [Tarent Ne 1731620 ot 26.04.1989 .

VY3en ynpaiieHus MpoTe30M BepxHeil koHeuHocTH, [Tarent Ne 1748816 ot 28.06.1989r.

VY3en ynpaiieHus NpoTe30M BepxHeil koneuHocTH, [Tatent Ne 1755798 ot 28.07.1990 r.

lNonenocTomnubIf y3en npoTe3a HxHe koHeuHocTH, [larent Ne 1761136 o1 4.11.1989 1.

[IporuBoyaapuoe ycrpoiicto, ITatent No 1774927 ot 28.01.91 r.

YcTpoiicTBO AMs BRITSKEHHS MTO3BOHOYHHUKA, [TaTent Ne 1777562 ot 10.12.90 1.

Y CTpoHCTBO IJ1s1 pacTsHKEHHsI M UKCaluy o3BoHOYHHKA, [TateHt Ne 1782165 ot 13.09.90 .

VY CTpoiCcTBO A BBEACHHS JIEKapCTBEHHBIX NMOPOIIKOB, [TarenT Ne 1792334 ot 14.01.91 1.

[puniennas ruaponHeprionHas BUOpoTpamoboBka, [Tarent Ne 1796735 ot 10.06.1991 r.

PerynupoBouno-coequnuTenbHOE YCTpOoHCTBO, [TatenT Ne 1819590 ot 02.04.1991 r.

YHuBepcaIbHBIN COeAMHUTENBHBIN MOAYIb Ui TPOTe3a HUKHEN KOHEYHOCTH(BapHAHTHI),
[Tatent Ne 2735 ot 24.05.1995 1.

Kosnennslit Mexanusm npotesa 6enpa, [Tatent Ne 41288 ot 9.07.1993r.

[IpoTte3 Genpa c BHENIHUM HCTOYHUKOM dHepruu, [Tarent Ne 2007972 ot 07.05.1991.

[Ipotes 6enpa, ITarent Ne 2008854 ot 08.07.1991 r.

lNonenocTomnusiit y3en npotesa, [latent Ne 2012285 ot 11.09.86 1.

[Mpuemnas rumnb3a npotesza 6eapa, [latent Ne 2012286 ot 07.08.1991 r.

Crioco0 ympaBieHus MPOTE30M HHYKHEH KOHEYHOCTU M yCTPOIMCTBO ISl €r0 OCYILECTBIICHNUS,
ITaTent Ne 2032434 ot 01.30.1992 1.

Y CcTpoHCTBO 17151 HCTIBITAHUS TPOTE30B Oepa Ha IKCILTYTALIMOHHYIO TPOYHOCTD,
ITatenT Ne 2039537 ot 7.12.1992 .

[Ipores 6enpa, I[latert Ne 2043091 ot 04.09.1992 1.

I'my6unnbiii BUOpoymioTauTens, [latent Ne 2049663 ot 7.12.1992 r.

[Ipores 6enpa, [latent Ne 2053741 ot

[Ipores 6enpa, [latent Ne 2055547 ot

[Ipore3 Hmkuel koneunoctu, [latent Ne 2056812 ot

KunemaTtudecknii mapHup KOJIEHHOTO y31a poTe3a HKHel koHedHocTH, [latent Ne 2061443 ot
19.06.1992 r.

[Ipores G6enpa, [TaTtent Ne 2062073 ot 9.07.1993 r.
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Konennsrit y3en ais opre3oB u mpote3os, [TareHt Ne 2064294 ot 07.14.1992 ¢

Konennsliii y3en qyis opre3oB u mpote3oB, [Tatent Ne 2064296 ot 11.25.1993 r.

JlaTurK CHHXPOHM3AIINHN JJIEKTPOHHOTO KOppeKkTopa ABmkeHus, [larert Ne 2066988

["onenocTOMHBIN y3eI st MPOTe30B HIKHUX KoHedHOCTel, [laTtent Ne 2068669

Crnioco0 mocTpoeHus poTe3a Mo UHIUBUIYaIbHOM CXeMe H yCTPOIMCTBO ISl €T0

ocymectBienus, [latent Ne 2074677

Konennsliit y3en qyist mpote30B HkHEN koHeuHocTH, [larent Ne 2074678 ot 07.12.1994 .

Konennslii y3en nporesa HrkHel koHedHocTH, [latent Ne 2077875 ot 11.29.1994 1.

['oneHOCTOHBIN y3€l OpTONEAMYECKOTO arapara Ha HIKHIOI0 KOHEYHOCTH, [latenT Ne 2077876
Cnioco0 ympaBieHuUs CUIOBBIM 3JIeMEeHTOM TpeHaxepa, [latent Ne 20816430t 21.02.1992 .

Croco6 nMuTanuK X0a60BI U OeTa YelioBeKa IS peaOMINTaH OOJIBHBIX C Pa3IMIHBIMHU
JBUTATEIbHBIMHU HapYLIEHUAMHU U YCTPOICTBO A ero ocyuiectsineHus, [latent Ne 2082378 ot
09.07.1993

KynucHblil KOneHHBIHN y3€I1 C peryaupyeMbIM TOPMOKEHUEM U 3aMKOM JJIS1 IPOTE30B HIPKHUX
koHeuyHocTel, [Tatent Ne 2083189 ot 12.07.1994 1.

[Ipotes Genpa, [Tatent Ne 2084208 ot

[Ipores 6enpa, [laTtert Ne 2085152 ot 11.03.1994 1.

Konennslit y3en nporesa HrkHel koHeuHocTH, [latent Ne 2085154 ot 11.29.1994 1.

HckyccrBenHas cromna A NpoTe30B HIKHeH KoHeuHocTH, [TatenT Ne 2085155 ot 04.29.1994 1.
Konennslit y3en nporesa HrkHel koHeuHocTH, [latent Ne 2086212 ot 10.14.1994 1.

HckyccTBeHHas cToma Ajs MpoTe30B HIbKHEH KoHeuHocTH, [TatenT Ne 2086213 ot 04.29.1994 r.
Konennsiit moayins, ITatent Ne 2088179 ot 10.10.95 r.

HckyccTBeHHas cToma Ajs CIIOPTUBHOTO NMpoTe3a HIbkHel KoHeuHocTH, [Tarent Ne 2088180 ot
04.29.1994 r.

MopynpHOE pOTALMOHHOE YCTPOUCTBO AJI MPOTE30B HIXKHEW KOHEYHOCTH,

[TaTent Ne 2088181 ot 04.29.1994 1.

Crroco0 yKpeTIeHus! MBI TOPAKEHHON HIDKHEH KOHEYHOCTH U OPTOIIEAMYECKUH armapar JUist ero
ocymectBieHus, [larent Ne 2088273 ot

Crioco6 momydeHus: aHaTOMUYECKUX MOJIETICH B MAaTrHUTHOM HETaTHBE,

ITatent Ne 2092133 ot 23.02.1993 1.

Crioco6 peanu3aiuy 3aJHETO TOMYKA TIPH OCIa0ICHIUN MBIIIIT JUCTATHFHON YaCTH HIDKHEH KOHEUHOCTH
Y OpTOIEANYECKUH anmapar i ero ocymectsienus, [larent Ne 2092134 ot 11.25.1993 r.

Crnioco0 u3MepeHHs M peryIMpOBKH apaMeTpOB MPOTe3a U YCTPOMCTBO AJISl €0 OCYILIECTBICHUS,
[TaTent Ne 2093110 ot

Y cTpolCTBO 711 KOHTPOJIS M YIIPABJIEHUSI CUCTEMOM BOJIUTEIIb - TPAHCIIOPTHOE CPEJICTBO,

[TaTent Ne 2100224 ot 24.04.1994 r.I1at. 3178 UA, MIIK E02D 3/046, E0O1C 19/22. I'igpoinepuiiina
BiOpoTpamboBka [Tekct] / X. C. My0apak, O. b. Bosomus, 1. B. Korg (Ykpaina). — Ne 4943930 ; 3asB1.
10.06.1991 ; omy6m. 26.12.1994r.IIpuuinna rigpoinepuilina Bibporpambiska, [latent Ne 6615 ot
29.12.19%4 r.

Cosmetic and pharmaceutical compositions having modified proteins in the form of a supramolecular
assembly, Patent No: US 8,846,064 B2, Feb.1,2011

[IpousBogHOE MHCYIMHA, 00JIaJarolIee CaXapOCHIKAIOLIEH aKTUBHOCTBIO IIPU IIEPOPaTbHOM
MIPUMEHEHUH, CTIOCO0 €ro MOTyUIeHHS U JICKapCTBEHHBIE (POPMBI Ha €T0 OCHOBE,

EBpaswmiickuii [Tarent Ne 023447 ot 28.12.2011 .

MoaunduuupoBaHHbIe aHTUKOMIUIEMEHTAPHBIE OJMTOHYKICOTHIB C IPOOTUBOPAKOBBIMU CBOWCTBAMU H
crioco0 ux noydenusi, Eppazmiickuii [latent Ne 025625 ot 22.11.2010 .

Crioco0 ycKkopeHus IpupocTa baKkTepruaabHONH OMOMACChl U TIOJIAaBICHHUE BUPYJICHTHOCTH OaKTEPHIA,
EBpasuiickuii [Tarent Ne 025623 ot 28.12.11 .

MoauduiupoBaHHbIC TIETITH/IBI C AHTUBUPYCHBIME CBOWCTBAMH U crioco0 UX mosryueHus1, EBpazuiickuit
[Tatent Ne 025624 o1 22.11.2010
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BakuuHbI ¢ OBBILIEHHON KIMMYHOI'€HHOCTBIO U CIIOCOOBI UX IOJIyYEeHHUS,

EBpaswuiickuii [Tatent Ne 025417 ot 22.11.2010 .

Cnioco0 cuHTe3a JeueOHBIX U NPO(HUIAKTHIECKUX JeKapCTBEHHBIX penaparos,

EBpasmiickuii [Tatent Ne 025399 ot 22.11.2010 1.

Crioco0 ObIcTpoit 1a00paTOpHON TUArHOCTHKH 3a00JIeBaHMi, OCHOBAHHBIM HA BBISIBICHUH
criernudecknx 6emkoB, EBpasutickuii [larent Ne 024771 or 22.11.2010 1.

WO02012070970A1 Anarnoctudeckuii cnocoO JUIst MPOTHO3a Pa3BUTHUS U KOHTPOIIS 3PPEeKTUBHOCTH
JIeUYEHHsI OHKOJIOTHYECKUX 3a00JIeBaHuUM

W02012070963A1 Crrocob OvIcTpoii 1a00paTOPHOM AUATHOCTHKH 3a00IeBaHNi, OCHOBAaHHBIA Ha
BBISIBJICHUHU CTIEHU(PHUECKUX O€JIKOB M yCTPOICTBO ISl €T0 OCYILECTBICHUS

WO02012070969A1 Anarnoctudeckuii cnocoO JUIst MPOTHO3a Pa3BUTHUS U KOHTPOIIS 3PPEeKTUBHOCTH
JIeYeHHs CePACYHO-COCYAUCTHIX 3a00JIeBaHUN

WO02012070975A1 MoauduuupoBaHHble MENTHB C AHTUBUPYCHBIMH CBOWCTBAMH M CIIOCO0 HX
MOy YEeHUS

W02012070971A1 Kocmetonorndeckas 1 hapMarieBTHICCKass KOMITO3UIINS TSI OMOJIOKCHHUS U
BOCCTaHOBJICHUS KOXH, B TOM YHCJIE TIOC/IE XUPYPTrHYECKHUX OTepanuii

WO02012070972A1 Crioco0 JiedeHus MaueHToB ¢ CepleIHO-COCYTUCTHIMU 3a00JICBaHUIMU
WO02012070967A1 Pano3axxusistomias, IpOTHBOOXKOTOBas!, pEr€HepHUPYIOas U MPOTUBOBUPYCHAS
(apManieBTH4eCKasi KOMIO3ULUS UI1 MECTHOI'O IPUMEHEHHUS

WO02012070964A1 MoaudumupoBaHHbIE OJUTONENTHIIBI C TPOTHBOPAKOBHIMU CBOHCTBAMHE U CIIOCO0
UX MOTYYEHUS

WO02013100793A1 IlpoussoaHoe UHCYINHA, 00JIa1aI0IIEe CaxapOCHWKAIOIICH aKTUBHOCTBIO, U
CHoco0 ero Moxy4eHus

WO02012070973A1 Crioco0 JieueHus MaeHTOB ¢ OHKOJIOTHYECKUMH 3a00JIeBaHUSIMH
W02012070974A1 BakuuHbl ¢ TOBBIIIEHHOW HMMYHOT@HHOCTBIO U CIIOCOOBI UX MTOTyYeHUS
WO02012070966A1 MoaudumupoBaHHbIE OJIUTONENTHIBI IS JICUESHUS TAHKPEATHTOB, SI3BEHHON
0O0JIe3HU JKeNyIKa ¥ JPYTuX TunepdepMeHTEMHU Ha OCHOBE MENTUIHOTO HHTHOUTOpa (PepMEHTOB U
CHoco0 UX MOTyYeHUs

WO02012070968 A1 Criocod MONEKYJISIPHOTO JU3aifHa U CHHTE3a JIEYeOHBIX U MPOPHIAKTHYECKIX
JICKApCTBEHHBIX MPENapaToB

WO02015178791A1 Kocmeronorndeckas u (hapMarieBTHIecKasi KOMITO3UIIHS

WO02012070965A1 MoanhuuupoBaHHbIE aHTUKOMIUIEMEHTaPHBIE OJIMTOHYKIIEOTHIBI C
MPOTHBOPAKOBBIMH CBOWCTBAMU ¥ CIIOCOO X MOJTyUESHUS

WO02013100792A1 Crioco6 yckopeHust MpupocTa OaKkTepruaibHONH OMOMACChl U TIOaBICHUS
BUPYJIGHTHOCTHU OakTepuit

W02016076744A1 dapmanieBTUYECKAs] KOMIO3UIMS C TEMOCTATUUECKUM U PAHO3KUBIISIIOLIUM
IEUCTBUEM

US Patent appl. US20150072929A1 Pharmaceutical composition comprising a mixture of carboxylated
oligopeptides

US Patent appl. US20120197003A1 Modified oligopeptides for the treatment of pancreatitis, stomach
ulcers, and other hyperenzymemias based on enzyme peptide inhibitors and methods for obtaining them
US Patent appl. US20120195925A1 Vaccines with increased immunogenicity and methods for
obtaining them

US Patent appl. US20140309276A1 Pharmaceutical Composition Comprising a Mixture of
Carboxylated Oligonucleotides

US Patent appl. US20120195856A1 Method of treating patients with cardiovascular illness

US Patent appl. US20130288230A1 Method for identification of a natural biopolymer

US Patent appl. US20140220556A1 Method of Design and Synthesis of a New Drug
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US Patent appl. US20120195911A1 Method of treatment of cancer patients

US Patent appl. US20120196801 A1 Wound-healing, anti-ambustial, regenerating, and anti-viral
pharmaceutical formula for local administration

US Patent US8846064B2 Cosmetic and pharmaceutical compositions having modified proteins in the
form of a supramolecular assembly

[Matent EA 025399 Cnoco6 cuHTe3a ne4eOHbIX U MPOGUIAKTHUECKUX JIEKAPCTBEHHBIX MPETapaToB
[atent EA 024771 Cnoco0 ObIcTpoii 1a00paTOPHON TUAarHOCTUKY 3a00JIeBaHNH, OCHOBAHHBIH Ha
BBISIBJICHUU CHIETIH(PHIECKUX OEKOB

[Tatent EA 025417 Bakiussl ¢ MOBBIIIEHHOH HIMMYHOTE€HHOCTBIO M CITOCOOBI MIX TIOJTYYCHHS
[atent EA 023447 TIpou3BogHOE MHCYIIHMHA, 00JIaJAI0IIEe CaXapOCHMKAIOIICH aKTHBHOCTBIO PU
MepopabHOM IPUMEHEHHH, CIIOCO0 €ro MOMYUYEeHHUS U JIeKapcTBEHHBIE (DOPMBI Ha €r0 OCHOBE
[Matent EA 025623 Cnioco0 yckopeHHs prpocTa OaKTepraibHOM OMOMACCHI U TTOIaBJICHUS
BHUPYJIEHTHOCTH OaKTepuit

[Tatent EA 025625 MoandunnpoBaHHbIe aHTHKOMIDIEMEHTAPHBIE OJIUTOHYKICOTHIBI C
MIPOTUBOPAKOBBIMH CBOWICTBAMH H CIIOCO0 MX MOITyYEHUS

[atent EA 025624 MonnduuupoBaHHBIE IENTHABI C AaHTUBUPYCHBIMU CBOHCTBAMH H CIIOCO0 UX
MOy YEeHUS

11



O npuCBOCHUH MIOYETHOI'O 3BaHUS «3acyKeHHBIN n300perarenb Poccutickoi denepariuny

7. JanbHeiimee pa3BuTHe MOMX MPoeKToB Ha 6aze TPU3 B kopmopanusix couckarens (ctp.133-134)
8. IlncpmenHbIe pekoMeHIanny kKak MuHuMyM oT 39 Macrepos TPU3(ctp. 135-219)

Cnucok 39 pexomenaamuii MactepoB TPU3 [lp. bopucy CnaBunoBuuy dapbepy,
o HomepaMm JlummomoB Mactepa TPU3

TRIZ Master
Diploma
1. |1 Amnuel Pesakh Awmnayaib [Tecax
2. | 4 Buhman, Isak Byxwman Mcak
3.1 8 Gerasimov, Vladimir I'epacumoB Biagumup
4. | 13 Guin, Anatoli I'nn Anatonuii
5. 115 Zlotin, Boris 3ot bopuc
6. | 16 Zusman, Alla 3ycman Amia
7. 122 Kriachko, Valentina Kpstuko BaneHtnHa
8. | 24 Kislov, Alexander Kucno Anekcasp
9. |28 Litvin, Simon JIntBua Cemen
10.| 30 Ladoshkin, Victor Jlagonkua Buktop
11.] 31 Lyubomirskiy, Alexander Jlrobomupckuii Anekcanap
12.| 36 Murashkovski, Julius MypanikoBckuid FOmmit
13.| 38 Narbut, Alexander HapOyT AnexcaHap
14.| 42 Pevsner, Lev [TeB3nep Jle
15.| 43 Petrov, Vladimir [TerpoB Brnaaumup
16.| 44 Rubin, Mikhail PyOoun Muxann
17.| 45 Royzen, Zinovy Poiizen 3uHoBui
18.| 47 Sibiryakov, Vissarion CubupsikoB Buccapron
19.] 52 Stupniker, Yuri Crymaukep KOpu
20.| 56 Fey, Victor ®eii Bukrop
21.] 61 Tzourikov, Valeri Lypuxo Banepwuii
22.] 62 Shusterman, Mikhail lycrepman Muxania
23.] 67 Kudryavtsev, Alexander Kyapsisries Anekcasap
24.] 69 Shpakovsky, Nikolay [makoBckuii Hukomaii
251 71 Axelrod, Boris Axkcenbpon boprc
26.| 72 Feygenson, Naum Qeiirencod Haym
27.| 73 Devoino, Igor Hesoitno Urops
28.1 75 Belski, louri Benpckwmii FOpu
29.1 79 Logvinov, Sergei JlorsunoB Ceprei
30.] 80 Kaplan Len Kannan Jlen
31, 81 Efimov_Andrei EdumoB Anpapeii
32, 82 Goldovsky Boris lNonpockuii bopuc
33.] 84 Bradley Jim Bpanu [xum
34.] 85 Danilovsky Jura Janunosckuit FOpuit
35.] 87 Valeriy Prushinskiy [pymuHckuii Banepuii
36.] 88 Abramov Oleg Abpamos Ouer
37.1 90 Faer Sergey Daep Cepreii
38.] 91 Minaker Viktor Munakep Buxrop
39.1 98 Severinec Georgi ['eopruit CeBepunery
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CEO, Technological Industry of Prosthetics and Orthetics, Inc.,
1989-2004, Moscow

R&D in Bioengineering, Biomechanics, Artificial Limbs, Dynamic Systems
Magneto Rheological Technologies, Prosthetics and Orthotics, Scoliosis

Director of Science and Cofounder, Ortho-Cosmos Inc.,


mailto:amerimedtech@yahoo.com

1989-1995, Moscow
R&D in Bioengineering, Artificial Limbs, Prosthetics and Orthotics

CEO, Ecolotex, Inc.,
1989-1995, Moscow
R&D in Bioengineering, Artificial Limbs, Magneto Rheological Technologies

Educational Background:
Peter the Great Polytechnic University (St. Petersburg)
1987-1992
Dr.Sci., Control in Biological and Medical Systems

Moscow State University of Instrument Engineering and Computer Science, Moscow
1982-1987
Ph.D. in Bioengineering and Robotics

Central Research Institute of Prosthetics and Orthotics, Moscow
1979-1985
Ph.D. in Biomedical Engineering, Medical Instruments.

Higher Attestation Commission, Russian Federation
Professor Diploma in Biomechanics, 1994

Academy of Intellectual Property, Moscow
Patent Law, 1981

Moscow Institute of Patenting, 1979

Major Products:

Bioengineering, Medical Instruments, Robotics, Biomechanics, Artificial Limbs, Nano and
Biotechnology, Pharmacology, Applied Mathematics, Applied Mechanics, Artificial Intelligence,
Control in Biological and Medical Systems, Computational and Mathematical Modeling, TRIZ.

Based on TRIZ I have been developing self-adjusted and self-organized dynamical systems in many areas of his
research starting in 1971 with Semiconductors, then dynamic layered system in 1973, in 1984 inventions in
dynamic multiaxial vehicles, created the world’s first group of self-adjusted dynamical mechanisms for
Bioengineering in Prosthetics 1979, developed self-adjusted dynamical rheological elements based on magnetic
liquid for prosthetics and for training devices in 1983. Starting from 1984, was published development forecasts for
Prosthetics and Orthotics based on TRIZ, which were used for creating a line of pioneer self-adjusted prosthetics
and orthotics. Invented the first adaptive dynamic self-adjusting rational systems in bioengineering that are patented
and commercially available in the rocket and space industry. Inventions have helped hundreds of thousands of
patients in rehabilitation with spinal problems (including a new proprietary method of treating scoliosis), lower and
upper limbs prosthetics and orthotics and improved their lifestyle.

A team was created, trained the Team TRIZ and made the next logical step by applying this approach of self-
adjusted and self-organized dynamical system for developing different aspects in the medical field. Research in
self-adjusted and self-organized dynamical drugs was started in 1993. As a result, a new group of 21 medical drugs

4



were discovered, including the first dynamic drugs in the World. These drugs are quasi-living, self-adjusted, self-
organizing dynamic medicinal and diagnostic medicines, which represent a revolutionary jump from static
medicines to dynamic drugs with variable structure and synergy. These drugs system have the ability to adjust to
the body of each individual, and to adapt to its system of receptors. As a result, the effectiveness of such drugs
increases and the action spectrum extends substantially. The implementation of this approach has shown
tremendous results. For instance: a dynamic antiviral veterinary drug was produced showing wide action spectrum
and efficacy. Another example is hemostatic "Gemma" successfully applied in practice on the battlefield and saved
hundreds of lives. We continue to research dynamic anti-cancer drugs, antiviral drugs, synergistic quasi-living
antibiotics, and antiatherosclerosis drugs. We also develop quasi-living medicines for diabetes, insulin, vaccines,
and wound healing and a method of reducing polymyxin nephrotoxicity.

Honors & Awards
“Honored Inventor of Russian Federation” 1993(Russia)
Professor and Biotechnologist of the Years 2010-2019 (New York).
Gold Medals and Diplomas of Nicholas Tesla, Da Vinci, Carl Gauss, Leonard Euler, Robert
Koch (and 11 more).

Affiliations
American Society for Pharmacology and Experimental Therapeutics , IEEE Computer Society,
International Society for Prosthetics and Orthotics; International Society of Biomechanics;
Rocket-Space Academy; Academy of Medical Technical Sciences; New York Academy of
Science; Russian Academy of Natural Sciences, Peter the Great Academy of Arts and Sciences,
European Academy of Natural Sciences, Association for Experiential Education, American
Society for Engineering Education, International Society for Education through Art, International
Academy for Homotoxicology, The Optical Society of America, American Society of
Association Executives, History of Science Society, Society for the History of Technology,
Renaissance Society of America. American, Australian, European, Singapore, Canadian,
German, London and Edinburgh Mathematical Societies

Career Accomplishments

As aresult, hundreds of patents in bioengineering, many of them implemented and produced in space
rocket industry, a new group of 21 medical drugs was discovered. These drugs are quasi-living, self-
adjusted, self-organizing dynamic medicinal and diagnostic medicines, which represent the next stage
from static medicines to dynamic drugs with variable structure and synergy. These drugs system have the
ability to adjust to the body of each individual, and to adapt to its system of receptors. As a result, the
effectiveness of such drugs increases and the action spectrum extends substantially.

Research & Publications:

4 books; 160 inventions published in open sources, 500+ articles; Lectures; Founder and
Editor-in-Chief, "Biomechanics and Prosthetics"; Editor of "Prosthetics and Orthotics".
Presentations keynote speaker and publications at international congresses in the U.S.,
Australia, Belgium, Bulgaria, Canada, China, England, France, Germany, Greece, Holland,
Italy, Japan, Russia, Scotland, Sweden, Turkey, United Arab Emirates and Yugoslavia.
40+ years’ experience in the fields of Bioengineering, Nano and Biotechnology,
Computational and Mathematical Modeling.
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®APBEP BOPUC CAABUHOBHY Pog.
12.V.1952 r. 8 n. Hasas (Bpanckas 06a.). Oxon-
yuA XapbKOBCKHH aBTOMOGHABHO-/0p0KHbIH HHCTH-
TyT 1o crenuaabHocTy «Mmsenep myreit coobmenus»
(1971). Crpoun goporu, MocTbl, ToHHEAH, paspaba-
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ThIBAA CAOMCTbIE CHCTEMbI H 3aHHU-
MaACsl JUHAMHKOH Z0pOT. 3aTeM Io-
crymia B acrmpantypy LITHHN npo-
Te3HPOBAHHs U NPOTE30CTPOCHHUS.
B 1987 r. samurur xauauzarckyo
AMCCePTALUIO TI0 BYM CIIeLHaAb-
noctam: « Meaunuuckoe npubopo-
CTpoeHHe» U « [e0pust MEXaHUBMOB H

Marmman. | [pommea myTb ot acrmpanTa, cTapiiero HayuHo-

IO COTPYZHHKA, 3aB. Aa60paTOPHel 0 3aMeCTHTeAS JU-

pexropa uncruryTa 1o Hayke (1981—1995). B 1991 r.

BAIIMTUA JOKTOPCKYIO AUCCEPTALIMIO 110 CTIELHAABHOCTH

«YnpaBAenHe B 6MONOTMYECKUX M Me/IHLMHCKHX CHCTe-

max» B Canxr-[ lerep6yprekom noaurexumeckom yuu-

sepcurete | lerpa Beauxoro (onmonentsr — mpogec-
copa B.B. Berexuit u X.A. fucon). B 1992 r. no-

AYYHA yHeHOe 3BaHHE Ipo(eccopa 1o CIeUHaAbHOCTH

«bromexanuka». Yaactsosar B cosaanum crienramsy-

POBAHHOTO COBETA T10 3aIIUTe JOKTOPCKHX H KaHAMZaT-

CKHX ZICCeTaLIHH 10 CIIEIHAAbHOCTH « DHOMexaniKay,

6bir 3amecTuTereM npezcetatens copeta (1993—1995).

PaspabatbiBar caMoHaCTpaHBaIOIIHeCs M CaMOOPraHH-

3YIOIIMECS MHAMHYECKHE CHCTEMbl A MHOTHX 06.a-

CTeH CBOMX HCCAEJOBAHUU: JMHAMHYECKHE CAOMUCTbIE

cucrembr (1971), aunamuyeckue MHOrooceBble TpaHc-

noptable cpegcta (1974), camoperyaupyembie guna-

MUYECKHe MeXaHH3Mbl JIASl GHOMHZKEHEPHH, B TOM YHCAL

CaMOHACTPaHBAIOIIMECs JUHAMUYECKHE PEONOTHYECKHe

9AEMEHTbI Ha MaTHHTHOM 2KHJKOCTH ZASl TIPOTe3HPOBa-

nus u rpenazxepos (1979). C 1978 r. paspabarpizar

CaMOHaCTPauBaIOIIHeCs AMHAMHYECKUE Y3AbI IIPOTE30B

u opre30B. MHorwe ero paspaboTku cepHitHO BbITycKa-

uch Ha npeanpustan HITO «neprus». Paboran 3a-

MECTHTeAEM JZMPEKTOpa M0 HayKe CAeJYIOIIMX KOMIa-

nuit: HITO «Musanomompy, CIT Poccus — CLLA

« TexHororuueckas ungycTpus MpoTE3UPOBAHUS H 0p-

resuposanusi», HI 1O «Oproxocmoc» (1991—1996),

HIIO «3dkonotexc» (Mocksa, 1986—1999); re-

HepaAbHbIM AupekTopom Kopriopanuii B Hbio-Mopke

¢ 1997 r. «Patterns Image Corporation,Inc.», «Farber’s

Center for Academic Success, Inc.» (2003), «American
Medical Technologies, Inc. (2001), «Noigel, LLC»
(2005), «TRIZ Biopharma International, LLC» (2017),
«Quazivita International, LLC» (2017). Bo scex pa6o-
Tax, HauuHas ¢ 1964 r., on pykoBozcTBOBaACA Teo-
puell pelneHust H306peTaTeAbCKHX 3a/(ad, CO3AAHHOM €ro
yaurereM — lenpuxom Caynrosuuem AnbTiyarepom.

B 1993 r. coBmectHO ¢ KoAreramu Hadan HccAejOBaHHS
o paspaboTke AuHamuyeckux Aekapcts. v paspabo-
TaHa AMHelKa KBa3HKUBbIX, CAMOOPTaHH3YIONIMXCS K-
HaMUYECKHX AEKapCTB C IepeMEHHOH CTPYKTYPOH H CH-
Hepruel. JTH AeKapcTBa HMEIOT CIIOCOBHOCTb MIPUCIIO-
CabAMBaTbCs K KOHKPETHOMY YeAOBEKY, a/IalTHPOBATHCS
K ero cucteme perentopos. /A moarotosku crenua-
NMCTOB JIASl CBOMX KOPIOpAIMH OH paspaboTaA HOBbIN
Mozxoz B 06pasoBaHuK Ha 0cHoBe MeToga 06pasos. Oc-
HOBaTeAb U TAQBHbIH peJakTop 2ypHara «Duomexa-
nuka u nporesuposanue» (M.: ITHUHIIII, 1993).
Samectureb npeacegateas Beepoccuiickoro obue-
ctBa 6uomexanuku (1992—1995). Ynen obuects:
Me:x gynapoguoe obmectso 6uomexannxu (1994),
Me:xaynapogroe o6mecTBo npoTE3HPOBaHHS U OpTE-
suposanus (1995); Amepukanckoro, Asctparuiicko-
ro, Kanaackoro, O gunbyprexoro, [epmanckoro, Espo-
nefickoro, \ouzouckoro, Cunranypckoro Matematuye-
ckux obmects (2016). 3acay:xenubiit n306peTaren
Poccuiickoit Megeparmm (1993). «Yuenviii 2011 rogar.
«[Teaaror 2012 roga» (Hoio-Mopx). «I Ipogeccronar
roga 2016, 2017» (USA). Ilpusnan B uncae ugepos:
B «Elite American Executives», B 61o- 1 HaHOTeXHOAO-
run komnanueis Marquis Who's Who (2016, 2017).
Mso6peratenn CCCP. Harpazmaen mezaravn [org-
puza Neibuuna, Arexcangpa pon [ymboanara, Py-
zoabda Bupxosa, Arvdpeaa Koxa, 301010l Mezarbio
«Huxona Tecaa» (1993—2018). Ms6pan axazemu-
KoM Poccuiickoil akageMuH MeJUKO-TeXHHYECKHX HayK
(1994), Poccuiickoii akazemus KOCMOHABTUKH UMEHHU
K.9. Lrnoakosckoro (1995), Hbio- Mopkckoii akaze-
yun Hayk (2015), EAEH (2017), akagemuxom [ ler-
posckoit axazemuu Hayk u uckycets (2018). Ony6.u-

KOBaA 60.’\ee 1000 KHHUTI, CTaT€H, IIaTEHTOB.

Aur.: Dap6ep b.C., Bumenson A.C.. Mopeiinuc U.II. Teo-
pemuueckue 0CHOBbI NOCMPOCHUS NPOME308 HUNCHUX KOHEH-
Hocmeil U Koppex uugsumenuﬂ. B 4 mm. M.: HHUHUIIII,
1994—1995 # Farber B.S.. Moreinis 1.S. Biomechanical basis
of choosing the rational mass and its_distribution throughout
the lower limb prosthesis segments // Journal of Rehabilitation

esearch and Development Vol 0. 4, November ,
pp. 325—336 ¢ Martynov A., Farber B., & Farber S. (2011).

uasilife self-organizing systems: based on ensembles of succiny-
lated derivative o interﬁeron amma urrent medicinal che-

mistry, 18(22 ), 3431—3436.




1.A List of 191 not confidential published patents and patent applications of a candidate (no less than ten
patents);

YCTpoicTBO TSI THHAMWYECKUX MCTIBITAHNN HJOPOKHBIX onexn, [larent Ne 633974 ot 8.07.1977 1.
YeTpoicTBO U1t TMHAMUYECKUX UCTIBITAHUN JOPOKHBIX oaexk, [latent Ne 633975 ot 11.07.1977r.
VYerpoiictBo mtst m3mepenns npodurst, [Tarent Ne 643749 or 5.08.1977 1.

Jle6anancueiii BuOparop, [larent Ne 649478 ot 5.10.1977

Crioco0 cenuMeHTallMOHHOro a"anu3a, Ilarent Ne 693166 ot 28.09.1977 r.

YcTpoiicTBo aiist BO30ykIeHus celicMuieckux konebanuit, [Tarent Ne 714322 ot 28.09.1977 .

Crioco6 onpenenenus ko3ddunuenta punprparuu, [Tatent Ne 715976 ot 23.08.1978 r.

YcTpoiicTBO AMst XpaHEeHHs ITYYHBIX TPy30B, [latent Ne 887366 ot 2.04.1980 .

Y CTpOHCTBO AJ1s1 MOHTa)Ka M JIEMOHTaKa OTTSDKHBIX MPY>KUH TOPMO3HBIX KOJIOAOK aBTOMOOHIIS,

[MaTent Ne 914359 ot 23.04.1980 .

10.  CraHOK a1 MHOTOITO3MIIMOHHOMN IIPUTUPKH KiaamaHos, ITareHt Ne 942954 o1 9.12.1980 .

11.  Tpenaxep onepaTopoB cucteM ynpasieHus, [Tatent Ne 953652 ot 14.01.1981 r.

12.  Cremnax, ITatent Ne 981124 ot 26.06.1980 r.

13.  VYcrpoiictso aiist go3upoBanus skuakoctH, ITatent Ne 993031 or 29.12.1979 1.

14.  YcrpoiicTBO UIs TIpeIOBpaIIeHHs POCKATb3bIBAHUS KOJIECa TPAHCIIOPTHOTO cpencTBa,llaTtent Ne
1044474 ot 26.11.1981

15. TlogbpeMHHK JUId BEIBEIIMBaHUsS aBToMoOumei, ITarent Ne 1049419 ot 26.11.1981

16.  Kacca s coopa mater 3a mpoesn, [Tarent Ne 1062737 ot 3.09.1982 ¢

17.  Komnennsiit y3en nporesa 6exipa, [Tarent Ne 1088717 or 2.03.1983 .

18.  VYcrpoiicTBo ajist BU3yansHOro npejacrasienus nadopmarmu, [arent Ne 1103279 or 22.10.1982 1.

19.  Kaccosbriit anmapart, [Tatent Ne 1119046 ot 12.05.1983 .

20.  Konennsiii Mexanu3m nporesa 6expa, [Tatent Ne 1124964 ot 29.04.1983 r.

21.  TIpotes 6eapa, ITatent Nel1138151 o1 26.10.1983 .

22.  Cnoco6 u3roToBJIeHHs OOIUIIOBOYHBIX 000IOUEK MPOTE30B U3 MOJTUMEPHBIX MATEPHAJIOB,

ITatenTt Ne 1134195 ot 21.07.1980 1.

23. MexaHn3M OIIOKMPOBKH Bpamatomierocs Bana, [larent Ne 1143631 ot 27.07.1983 1.

24.  KoneHnsiii MexanusM mpote3a, [larent Ne 1146038 ot 11.05.1983 r.

25.  Jlenrtounslit Topmo3, [Tatent Ne 1157290 ot 27.07.1983 .

26.  Cnoco6 Bo3BeeHHs JOPOXKHOMN ok 1bl, [Tatent Ne 1164357 ot 5.11.1983 .

27.  VYcTpoicTBO IS HIEHTPOOEKHOTO popMOBaHHMs MOJIbIX u3enuii, [Tarent Ne 1168425 ot 21.07.80 .

28.  PotopHas nuTheBas yCTaHOBKA JUIs epepaboTKu moiaumepos, [larent Ne 1168427 ot 21.07.80 .

29.  Tlpote3 umxHei koneunoctH, [larent Ne 1175471 ot 29.04.1983 r.

30. TIpore3 HuwxkHelt koHeuHoctH, [Tarent Ne 1175472 ot 31.10.1983 .

31. Mexanu3m OIOKHPOBKH Bparnaromierocs tena, [larent Ne 1189708 ot 27.07.1983 r.

32.  Xogosas tenexka, [Tarent Ne 1199885 ot 7.03.1984 .

33.  VYcrpoiicTBo Aist HEHTpOoOeKHOTO hopMoBaHuUs MONbIX u3nenuid, [Tarent Ne 1168425 ot 21.07.1980 1.

34.  PoropHas IUTheBast yCTAHOBKA JUIs IIEpepa0bOTKH monuMepoB, [Tatent Ne 1168427 ot 21.07.1980 r.

35.  Opromneauyeckuii anmapar Ha HIDKHIOK KOHEUHOCTb, [1ateHT Ne 1215692 ot 6.03.1984 .

36.  VYcrpoiictBo mist Beigaun omretos, ITatent Ne 1223262 ot 14.06.1983 r.

37.  Opromnequyeckuii anmapar Ha HIKHIOK KOHEYHOCTb, [laTeHt Ne 1245309 ot 29.12.1984 .

38.  Cmocob ompeienieHiss MTHOBEHHOT'O [IEHTPa BpallleHHs KOJICHHOTo cycrasa, [Tatent Ne 1268149 ot
22.02.1984 r.

39.  VYcTpoiicTBO AMArHOCTHKU MHIYKIIMOHHBIX KaTymiek 3axuranus, [Tlatent Ne 1280959 ot 3.07.1984
. YCTPOHCTBO IS OTIPEACIICHNSI MOMEHTOB CHII B CycTaBax KoHeuHocTH,Ilatent Nel1286161 ot
9.04.1985r

40.  TIpote3 HmwkHei koneunoctH, [Tatent Ne 1323100 ot 29.07.1985 1.
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YcTpolcTBO 715 TIEpEMEIIMBaHUS JOPOKHONM CMECH B Ky30BE TPAHCIIOPTHOI'O CPEJICTRA,

[TaTent Ne 1320319 ot 21.01.1986 1.

Uckyccrennas croma, [latent Ne1338856 ot 29.12.1985 1.

YcrpolicTBo a1t 001eryeHus 3amycka ABUraTesis BHyTPEHHEr0 CrOpaHus,

[TaTent Ne 1343971 ot 23.12.1985 1.

YcrpoiicTBo amst oberdeHus 3amycka JBurarens BHyTpeHHero cropanwms, [latent Ne 1351292 ot
15.11.1985 r.

YCTpoHCTBO 7151 U3TOTOBJICHUS MOJIBIX M3JIEIUH METOJJOM HAMOTKHU AJTMHHOMEPHOTO MaTepHana,
[TaTent Ne 1368188 ot 6.07.1984r.

Crioco6 mpeaprHKy0anoHHOM 00pabOTKH SIUIT U yCTPOHCTBO IS €r0 OCYIIECTBICHUS,

[TaTent Ne 1362479 ot 3.04.1985 .

[Ipote3 HmwkHEH koneunocTH, [Tarent Ne 1391642 ot 7.07.1986 .

VYcTpolicTBO A U3MEPEHUS 3apPECCOPEHHOCTH B3aUMHOMN MOJBHUKHOCTH OT/IE€JI0B T'OJIEHOCTOITHBIX
y3JI0B IPOTE30B HIKHUX KoHeuHocTel, [TarenT Ne1398857 ot 3.03.1986 1.

JloposkHast o11ek1a MHOTOIIOJIOCHOM aBTOMOOMIEHOM moporH, [Tarent Ne 1402631 ot 5.08.1986 T
lNonmenoctomnueit y3en mpotesa, [Tarent Ne 1409258 ot 11.09.1986 t.

TlNonenoctonnsii y3en, ITatent Ne 1410970 ot 7.07.1986 r.

Jo3upyroliee yCTpoHUCTBO U1 ChITy4unx MaTepuanoB, [larent Ne 1418573 ot 21.04.1986 r.
Amopruzatop, [Tarent Ne 1435865 ot 9.03.1987 1.

Crioco0 omnpenenennss TEXHUIECKOro COCTOSHUS MIMHAPONOPIIHEBOM IPYyITBl aBTOTPAKTOPHOTO
JBUTATENs BHyTpeHHero cropanus, [latent Ne 1437714 ot 28.06.1985 1.

YCTpoHCTBO A71s1 HCCNENOBAHUS TMHAMUYECKUX XapaKTEPUCTUK Y3JI0B IPOTE30B,

ITatent Ne 1442208 o1 2.02.1987 r.

[Ipore3 Genpa, [TaTtent Ne 1454448 ot 6.11.1986 T.

[Iporte3 Hmxuel koneuHocTH, [1atenT Ne 1454450 ot 25.11.1986 1.

Opronenuyeckuii annapaTt Ha HUKHIOI0 KOHEYHOCTB, [lateHT Ne 1468525 ot 10.04.1987 r.
[Ipore3 HmwxkHel koHeuHocTH, [TateHT Ne 1469602 ot 2.02.1987 .

[Ipores 6enpa, [Tatent Ne1466738 ot 7.01.1987 r.

[Ipore3 nmxkuel koneunocty, [Tatent Ne 1489754 ot 10.11.1987 1.

Opronennyeckuil annapaT Ha HUKHIOK KOHEUHOCTS, [latenT Ne 1489755 o1 30.11.1987 r.
Opronenuyeckuii anmapaT Ha HUKHIOIO KOHEYHOCTh, [TatenT Ne 1489756 ot 30.11.1987 r.
Opronenuyeckuii anmapaT Ha HUKHIOIO KOHEYHOCTh, [TatenT Ne 1489757 ot 30.11.1987 r.
I'onenocTomnusi y3en npoTte3a HUKHEN KoHeuHOCTH, [TatenT Ne 1498490 ot 16.11.1987 .
YcTpoiicTBO A M3MEPEHUs NaBIeHHs B IIMHAX TPAHCIIOPTHOTO cpeacTia, [larent Ne 1520368 ot
20.07.1987 r.

KomnpeccnonHo- quctpakiuoHHbld annapat, [Tatent Ne 1553091 ot 24.11.1986 1.
KOctupoBouHOE yCTpOicTBO 7151 MPOTE30B HIKHUX KoHewHocTel, [1atent Ne 1553116 ot 29.06.1988 .
Crioco0 OIeHKH acCUMETPHUHN XOAb0BI U Oera B eCTECTBEHHBIX yclnoBusx, [larent Ne 1560092 ot
4.05.1987 r.

Konennsliit y3en qis otpe3oB u nmpote3oB, [Tatent Ne 1560186 ot 14.04.1988 r.

Optonenuyeckas crenbka, [latent Ne 1570723 ot 5.05.1988 ¢

Baprep 6e3omacuoctu, [Tatent Ne 1576622 ot 20.09.1988 r.

Opronennyeckuii annapaT Ha HUKHIOK KOHEUHOCTB, [latenT Ne 1577787 ot 25.08.1988 r.

Opres, [Tatent Ne 1584940 ot 15.09.1988 .

l'onenocTomnusil y3en oproneanueckoro annapara, [larent Ne1586704 ot 25.08.1988 r.
Maccaxuslii 00pyy, [latent Ne 1595515 ot 15.11.1988 1.

YcTpoicTBO At BU3yalIbHOTO TIpesicTaBinenns nHpopmanuu, Ilarent Noe1596374 ot 30.06.1988 r.
[Ipotes mocne Berwnenenus oeapa, [larent Ne 1600758 ot 6.04.1988 r.

l'onenocTomHbIf y3en npoTe3a HKkHEH koHewHocTH, [latrent Ne 1600759 ot 20.09.1988 .
YcTpoiicTBo st pacTsbkeHus U pukcanuy no3BoHouHMKa, [latent Ne 1602519 ot 28.11.1988 r.
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[Ipotes 6enpa, ITarert Ne 1607799 ot 20.07.1988 r.

Banern Bubpanmonoro katka, [Tatrent Ne 1608282 ot 28.11.1988 r.

Crioco6 m3rotoBnHUs pykosteit, [latenr Ne 1613316 ot 20.05.1988 1.

[Tosic-xopcert, I[Tatent Ne 1621919 ot 17.02.89 1.

Cocyn mns kopmiieHus peoenka, [Tarent Ne 1621933 or 3.02.1988 r.

Cwmecurensb, [Tatent Ne 1622138 ot 11.07.1988 1.

[Ipotes Genpa, [Tatent Ne 1627173 ot 15.09.1988 r.

Pyunoit maccaxep, [Tarent Ne 1627178 ot 11.07.1988 1.

YerpoiicTBo it Maccaka koHewroctel, [latert Ne1629059 ot 30.05.1988 1.

Crnioco0 momy4eHHs CIEMKOB MPU U3TOTOBJICHUH IPOTE3HO- OPTONEINUECKUX H3IENINH,

[TaTent Ne 1630815 ot 22.11.1988 1.

Hactun, ITatent Ne1635991 ot 30.05.1988 1.

YerpotictBo mi1st auddepeHIpoBaHHOIO U3MEPEHUS KOJIMUECTBA IIar0B B €CTECTBECHHBIX YCJIOBHSIX,

[TaTent Ne 1648364 ot 4.05.1987 r.

Crioco0 U3roToBiaeHus 3amuTHoro nuiemMa, [larent Ne 1651834 ot 5.05.1988 r.

3acrexka mist o0yBwu, [latent Ne 1651836 ot 6.07.1988r.

VY3en ynpaiieHus MpoTe3oM BepxHeil koHeuHocTH, [Tarent Ne 1664308 ot 28.07.1989 r.

YcTpoHCTBO 7151 OLIGHKH BaKyyMHOTO KperieHus npotes3a 0enpa, [larent Ne 1718906 ot 7.03.1990 r.

Opnnopazosbiit mnpu, ITatent Ne 1727845 ot 09.02.1990

[Ipotes 6enpa, [Tatent Ne 1729508 ot 14.11.1990 r.

YeTpoicTBO 1S ICUEHUS COCYAUCTBIX 0TeKOB, [latenT No 1731215 ot 26.04.1989 r.

[Tnockory6usr, [Tarent Ne 1731620 ot 26.04.1989 .

VY3en ynpalieHus poTe30M BepxHeil koHeuHocTH, [Tarent Ne 1748816 ot 28.06.1989r.

VY3en ynpaiieHus NpoTe30M BepxHeil koneuHocTH, [Tatent Ne 1755798 ot 28.07.1990 r.

lNonenocTomnubIf y3en npoTe3a HxHe koHeuHocTH, [larent Ne 1761136 o1 4.11.1989 1.

[IporuBoyaapuoe ycrpoiictso, Ilatent No 1774927 ot 28.01.91 r.

YcTpoiicTBO AMs BRITSKEHHS MTO3BOHOYHHUKA, [TaTent Ne 1777562 ot 10.12.90 1.

Y CTpoHCTBO IJ1s1 pacTsHKEHHsI M UKCaluy o3BoHOYHHKA, [TateHt Ne 1782165 ot 13.09.90 .

VY CTpoiCcTBO A BBEACHHS JIEKapCTBEHHBIX NMOPOIIKOB, [TarenT Ne 1792334 ot 14.01.91 1.

[puniennas ruaponHeprionHas BUOpoTpamoboBka, [Tarent Ne 1796735 ot 10.06.1991 r.

PerynupoBouno-coequnuTenbHOE YCTpOoHCTBO, [TatenT Ne 1819590 ot 02.04.1991 r.

YHuBepcaIbHBIN COeAMHUTENBHBIN MOAYIb Ui TPOTe3a HUKHEN KOHEYHOCTH(BapHAHTHI),
[Tatent Ne 2735 ot 24.05.1995 1.

Kosnennslit Mexanusm npotesa 6enpa, [Tatent Ne 41288 ot 9.07.1993r.

[IpoTte3 Genpa c BHENIHUM UCTOYHUKOM dHepruu, [Tarent Ne 2007972 ot 07.05.1991.

[Ipotes 6enpa, ITarent Ne 2008854 ot 08.07.1991 r.

lNonenocTomnusbiit y3en npotesa, [latent Ne 2012285 ot 11.09.86 1.

[Mpuemnas rumnb3a npotesza 6eapa, [latent Ne 2012286 ot 07.08.1991 r.

Crioco0 ympaBieHus MPOTE30M HIKHEH KOHEYHOCTH M YCTPOMCTBO ISl €T0 OCYIIECTBICHUS,
ITaTent Ne 2032434 ot 01.30.1992 1.

Y CcTpoHCTBO 17151 HCTIBITAHUS IPOTE30B Oepa Ha IKCILTYTALIMOHHYIO IPOYHOCTD,
ITatenT Ne 2039537 ot 7.12.1992 .

[Ipores 6enpa, I[latert Ne 2043091 ot 04.09.1992 1.

I'nmy6unnsiii BUOpoymioTauTens, [latent Ne 2049663 ot 7.12.1992 .

[Ipores 6enpa, [latent Ne 2053741 ot

[Ipores 6enpa, [latent Ne 2055547 ot

[Ipore3 Hmkuel koneunoctu, [latent Ne 2056812 ot

KunemaTtudecknii mapHup KOJIEHHOTO y31a poTe3a HKHel koHedHocTH, [latent Ne 2061443 ot
19.06.1992 r.

[Ipores G6enpa, [Tatent Ne 2062073 ot 9.07.1993 r.
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Konennsrit y3en ais opre3oB u mpote3os, [TareHt Ne 2064294 ot 07.14.1992 ¢

Konennsliii y3en qyis opre3oB u mpote3oB, [Tatent Ne 2064296 ot 11.25.1993 r.

JlaTurK CHHXPOHM3AIINHN JJIEKTPOHHOTO KOppeKkTopa ABmkeHus, [larert Ne 2066988

["onenocTOMHBIN y3eI st MPOTe30B HIKHUX KoHedHOCTel, [laTtent Ne 2068669

Crnioco0 mocTpoeHus MpoTe3a Mo UHIUBUYaIbHOM CXeMe H yCTPOIMCTBO ISl €T0

ocymectBienus, [latent Ne 2074677

Konennsliit y3en qyist mpote30B HkHEN koHeuHocTH, [larent Ne 2074678 ot 07.12.1994 .

Konennslii y3en nporesa HrkHel koHedHocTH, [latent Ne 2077875 ot 11.29.1994 1.

['oneHOCTOHBIN y3€l OpTONeAMYECKOTO arfapara Ha HIKHIOI0 KOHEYHOCT, [latenTt Ne 2077876
Cnioco0 ympaBieHuUs CUIOBBIM 3JIeMEeHTOM TpeHaxepa, [latent Ne 20816430t 21.02.1992 .

Croco6 nMuTanuK X0a60BI U OeTa YelioBeKa IS peaOMINTaH OOJIBHBIX C Pa3IMIHBIMHU
JIBUTATEIbHBIMU HapyLIEHUAMHU U YCTPOICTBO A ero ocyuiectsiaeHus, [latent Ne 2082378 ot
09.07.1993

KynucHblil KOneHHBIHN y3€I1 C peryaupyeMbIM TOPMOKEHUEM U 3aMKOM JJIS1 IPOTE30B HIPKHUX
koHeuyHocTel, [Tatent Ne 2083189 ot 12.07.1994 1.

[Ipotes Genpa, [Tatent Ne 2084208 ot

[Ipores 6enpa, [laTtert Ne 2085152 ot 11.03.1994 1.

Konennslit y3en nporesa HrkHel koHeuHocTH, [latent Ne 2085154 ot 11.29.1994 1.

HckyccrBenHas cromna A NpoTe30B HIKHeH KoHeuHocTH, [TatenT Ne 2085155 ot 04.29.1994 1.
Konennslit y3en nporesa HrkHel koHeuHocTH, [latent Ne 2086212 ot 10.14.1994 1.

HckyccTBeHHas cToma Ajs MpoTe30B HIbKHEH KoHeuHocTH, [TatenTt Ne 2086213 ot 04.29.1994 r.
Konennsiit moayins, ITatent Ne 2088179 ot 10.10.95 r.

HckyccTBeHHas cToma Ajs CIIOPTUBHOTO NMpoTe3a HIbKHEeH KoHeuHocTH, [Tatent Ne 2088180 ot
04.29.1994 r.

MopynpHOE pOTALMOHHOE YCTPOUCTBO AJI MPOTE30B HIXKHEW KOHEYHOCTH,

[TaTent Ne 2088181 ot 04.29.1994 1.

Crroco0 yKpeTIeHus! MBI TOPAKEHHON HIDKHEH KOHEYHOCTH U OPTOIIEAMYECKUH armapar JUist ero
ocymectBieHus, [larent Ne 2088273 ot

Crioco6 momydeHus: aHaTOMUYECKUX MOJIETICH B MAaTrHUTHOM HETaTHBE,

ITatent Ne 2092133 ot 23.02.1993 1.

Crioco6 peanu3aruy 3aHET0 TOMYKA IPH OCIA0ICHUN MBIIIIT JUCTATFHON YaCTH HIDKHEH KOHEUHOCTH
Y OpTOIEANYECKUH anmapar i ero ocymectsienus, [larent Ne 2092134 ot 11.25.1993 r.

Crnioco0 u3MepeHHs M peryIMpOBKH apaMeTpOB MPOTe3a U YCTPOMCTBO AJISl €0 OCYILIECTBICHUS,
[TaTent Ne 2093110 ot

Y CTpolCTBO 711 KOHTPOJISl M YIIPABJIEHUSI CUCTEMOM BOJIUTEIIb - TPAHCIIOPTHOE CPEJICTBO,

[TaTent Ne 2100224 ot 24.04.1994 r.I1at. 3178 UA, MIIK E02D 3/046, E0O1C 19/22. I'igpoinepuiiina
BiOpoTpamboBka [Tekct] / X. C. My0apak, O. b. Bosomus, 1. B. Korg (Ykpaina). — Ne 4943930 ; 3asB1.
10.06.1991 ; omy6m. 26.12.1994r.IIpuuinna rigpoinepuilina BibporpambOiska, [latent Ne 6615 ot
29.12.19%4 r.

Cosmetic and pharmaceutical compositions having modified proteins in the form of a supramolecular
assembly, Patent No: US 8,846,064 B2, Feb.1,2011

[IpousBogHOE MHCYMHA, 00JIaJar0lIee CaXapOCHIKAIOLIEH aKTHBHOCTBIO IIPU NIEPOPATbHOM
MIPUMEHEHUH, CTIOCO0 €ro MOTyUIeHHS U JIKapCTBEHHBIE ()OPMEI Ha €T0 OCHOBE,

EBpaswmiickuii [Tarent Ne 023447 ot 28.12.2011 .

MoauduuupoBaHHbIE aHTUKOMIUIEMEHTAPHBIE OJUTOHYKIJICOTH/IBI C IPOOTHBOPAKOBBIMH CBOWCTBAMU H
crioco0 ux noydenusi, Eppazmiickuii [latent Ne 025625 ot 22.11.2010 .

Crioco6 yckopeHwus mpupocTa OaKTepHaIbHON OMOMACCHI M MTOJABJICHIE BUPYJICHTHOCTH OaKTepHd,
EBpasuiickuii [Tarent Ne 025623 ot 28.12.11 .

MoauduimpoBaHHbIC TIETITH/IBI C AHTUBUPYCHBIME CBOWCTBAMH U CIIOCO0 X MONTy4deHus1, EBpazuiickuit
[Tatent Ne 025624 o1 22.11.2010
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BakuuHbI ¢ OBBIIEHHON KIMMYHOI'€HHOCTBIO U CIIOCOOBI UX IOJIyUYCHHU,

EBpaswuiickuii [Tatent Ne 025417 ot 22.11.2010 .

Cnioco0 cuHTe3a JeueOHBIX U NPO(HUIAKTHIECKUX JeKapCTBEHHBIX penaparos,

EBpaswmiickuii [Tatent Ne 025399 ot 22.11.2010 1.

Crioco0 ObIcTpoit 1a00paTOpHON TUArHOCTHKH 3a00JIeBaHMi, OCHOBAHHBIM HA BBISIBICHUH
criennudecknx 6emkos, EBpasutickuii [larent Ne 024771 ot 22.11.2010 1.

WO02012070970A1 Anarnoctudeckuii cnocoO JUIst MPOTHO3a Pa3BUTHUS U KOHTPOIIS 3PPEeKTUBHOCTH
JIeUYEHHsI OHKOJIOTHYECKUX 3a00/1€BaHUH

W02012070963A1 Crrocob OvIcTpoii 1ab0paTOPHON JUATHOCTHKH 3a00IeBaHNH, OCHOBAaHHBIN HA
BBISIBJICHUHU CTIEHU(PHUECKUX O€JIKOB M yCTPOICTBO ISl €T0 OCYILECTBICHUS

WO02012070969A1 Anarnoctudeckuii cnocoO JUIst MPOTHO3a Pa3BUTHUS U KOHTPOIIS 3PPEeKTUBHOCTH
JIeUYeHHs CePACYHO-COCYAUCTHIX 3a00JIeBaHUN

WO02012070975A1 MoauduuupoBaHHble MENTHB C AHTUBUPYCHBIMH CBOUCTBAMH M CIIOCOO HX
MOy YEeHUS

W02012070971A1 Kocmetonorndeckas 1 hapMarieBTHICCKass KOMITO3UIINS TSI OMOJIOKCHHUS U
BOCCTaHOBJICHUS KOXH, B TOM YHCJIE TIOCIIE XUPYPrHYECKUX OTepannit

WO02012070972A1 Crioco0 JiedeHus MaueHToB ¢ CepleIHO-COCYTUCTHIMU 3a00ICBaHUAMU
WO02012070967A1 Pano3axxusistomias, IpOTHBOOXKOTOBas!, pEr€HepHUPYIOas U MPOTUBOBUPYCHAS
(apManieBTH4eCKasi KOMIO3ULUS UI1 MECTHOI'O IPUMEHEHHUS

W02012070964A1 MoaudumupoBaHHbIE OJUTONENTHIIBI C TPOTHBOPAKOBBIMU CBOHCTBAMH U CIIOCO0
UX MOTYYEHUS

WO02013100793A1 IIpousBoaHOE UHCYIMHA, 00JIaIat0IIEe CaxapOCHWKAIOIICH aKTUBHOCTEIO, U
CHoco0 ero Moxy4eHus

WO02012070973A1 Crioco0 JieueHus MaeHTOB ¢ OHKOJIOTHYECKUMH 3a00JIeBaHUSIMH
W02012070974A1 BakuuHsl ¢ TOBBIIIEHHOW HMMYHOT@HHOCTBIO U CTIOCOOBI UX MTOTyYeHUS
W02012070966A1 MoaudumupoBaHHbIE OJUTONIEOTHIBI TSI JICUSHUS TTAHKPEATHTOB, SI3BEHHON
0O0JIe3HU JKeNyIKa ¥ JPYTuX TunepdepMeHTEMHU Ha OCHOBE MENTUIHOTO HHTHOUTOpa (PepMEHTOB U
CHoco0 UX MOTyYeHUs

WO02012070968 A1 Crioco® MONEKYJISIPHOTO JU3aifHa U CHHTE3a JIEYeOHBIX U MPOPHIAKTHYECKIX
JICKApCTBEHHBIX MPETapaToB

WO02015178791A1 Kocmeronorndeckas u (hapMarieBTHIecKasi KOMITO3UIIHS

WO02012070965A1 MoanhuuupoBaHHbIE aHTUKOMIUIEMEHTaPHBIE OJIMTOHYKIIEOTHIBI C
MPOTHBOPAKOBBIMH CBOWCTBAMU ¥ CIIOCOO X MOJTyUESHUS

WO02013100792A1 Crioco0 yckopeHHs MPUPOCTa OaKTepUaIbHON OHOMACCHI U TIOJABJICHUS
BUPYJIGHTHOCTHU OakTepuit

W02016076744A1 dapmanieBTUYECKAs] KOMIO3UIMS C TEMOCTATUUECKUM U PAHO3KUBIISIIOLIUM
IEUCTBUEM

US Patent appl. US20150072929A1 Pharmaceutical composition comprising a mixture of carboxylated
oligopeptides

US Patent appl. US20120197003A1 Modified oligopeptides for the treatment of pancreatitis, stomach
ulcers, and other hyperenzymemias based on enzyme peptide inhibitors and methods for obtaining them
US Patent appl. US20120195925A1 Vaccines with increased immunogenicity and methods for
obtaining them

US Patent appl. US20140309276A1 Pharmaceutical Composition Comprising a Mixture of
Carboxylated Oligonucleotides

US Patent appl. US20120195856A1 Method of treating patients with cardiovascular illness

US Patent appl. US20130288230A1 Method for identification of a natural biopolymer

US Patent appl. US20140220556A1 Method of Design and Synthesis of a New Drug
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188.

189.

190.

191.

US Patent appl. US20120195911A1 Method of treatment of cancer patients

US Patent appl. US20120196801 A1 Wound-healing, anti-ambustial, regenerating, and anti-viral
pharmaceutical formula for local administration

US Patent US8846064B2 Cosmetic and pharmaceutical compositions having modified proteins in the
form of a supramolecular assembly

[Matent EA 025399 Cnoco6 cuHTe3a ne4eOHbIX U MPOQUIAKTHYECKUX JIEKAPCTBEHHBIX MPETapaToB
[atent EA 024771 Cnoco0 ObIcTpoii 1a00paTOPHON TUAarHOCTUKY 3a00JIeBaHNH, OCHOBAHHBIH Ha
BEISIBIICHUU CHIETIM(PHIECKUX OETKOB

[Tatent EA 025417 Bakiussl ¢ MOBBIIIEHHOH HIMMYHOTE€HHOCTBIO M CITOCOOBI MIX TIOJTYYCHHS
[Natent EA 023447 TIpou3BogHOE MHCYIIHMHA, 00JIaAI0IIEe CaXapOCHMKAIOIICH aKTHBHOCTBIO PU
NepopabHOM IPUMEHEHHH, CIIOCO0 €ro MOMYUYEeHHUS U JIeKapcTBEHHbBIE (DOPMBI Ha €T0 OCHOBE
[Matent EA 025623 Cnioco0 yckopeHHs prpocTa OaKTepraibHOM OMOMACCHI U TTOIaBJICHUS
BHUPYJIEHTHOCTH OaKTepuit

[Tatent EA 025625 MoandunnpoBaHHbIe aHTHKOMIDIEMEHTAPHBIE OJIUTOHYKICOTHIBI C
MIPOTUBOPAKOBBIMH CBOWICTBAMH H CIIOCO0 MX MOITyYEHUS

[Marent EA 025624 MonnduuupoBaHHbIEC ENTUABI C aHTUBUPYCHBIMU CBOHCTBAMH U CIIOCO0 UX
MOy YEeHUS
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1.B List of abstracts from published patents of a candidate

1. HATEHT 2032434 1992-01-30

Cnoco0 ynpapJjieHHsI IPOTEe30M HUKHEl KOHEYHOCTH U YCTPOICTBO AJISl €ro 0CyllecTBJIeHUs
CyuHocTh H300peTeHHs: CIOCO0 yIpaBIeHHUs IPOTE30M HUKHEH KOHEUHOCTH OTIMYAETCS TTIOBBIICHUEM
CUMMETPUH X0Ib0bI Ha IIpoTe3e Oeapa, mpuyeM B Havyajie (a3l mepeHoca BKJIIOYAET YIPYTHH 3JIEMEHT,
MOMEHT CHJIBI KOTOPOTO OTHOCUTENFHO KOJICHHOTO IIapHUPa HAMpaBieH HAaBCTPEeUuy €ro CruOaHus, mpH
3TOM JIOTIOJTHUTENBHO U3MEPSIOT YCKOPEHHE IPUEMHON THIIB3bI Oeipa 1 MOMEHT BKIIFOUSHHS YIIPYTOro
3JIEMEHTA OTHOCHUTENBHO Hauana ¢a3bl IEPEeHOCa YCTAaHABIMBAIOT C YUETOM 3TOI'0 YCKOPEHHS.
VCTpoicTBO Ul OCYIIECTBIEHHS CII0co0a COAEPIKUT IOCIEeI0BAaTENbHO COSTMHEHHbIE IMIUHIP 5 U
MopIIEHb 6, THEBMAaTHUECKUIH aMOPTHU3aTOP, BBITOTHEHHBIN U3 (DeppOMarHUTHOTO METaa, 3a30p MEKAY
MOPIIHEM U IMIMHAPOM 3aI0JHEH MarHUTHOM KUAKOCTBIO, BBIIOTHSAIOLINN POJIb YINIOTHUTEIS MEX LY
BO3AYIIHBIMH MOJIOCTSIMH aMOPTH3aTOPa, a Ha MOPLIHE PacIIoJIOKEHa dIIeKTpruieckas oomMoTka B daze
MepeHoca HHBAIU Cru0aeT KyJIbTIO, OCYIIECTBIISSA CTHOaHUE TOJIEHU ¢ UCKYCCTBEHHOM CTOTIOM, IPUBOIS
K YBEJIMUCHHIO yTIIa MEKAY OSAPOM H TOJNIEHBIO, IPU 3TOM CUTHAIIBI OT AaTYUKOB YCKOpeHus 16, yria
noBopoTa 17 mocTynarT Ha CUCTEMY YIPaBIECHUS 18, OT KOTOPOW B ONpe/IeI€HHBI MOMEHT BPEMEHU
noJlaeTcsl HaIpsHKeHHEe Ha 0OOMOTKY Bo30y kaeHus 11, mpuuem oOpa3yeTcss MarHUTHBIN TIOTOK, KOTOPBIH
MarHUTHYIO KUJIKOCTb BTSATUBAET B 00JIACTh MAKCUMAIbHOW MarHUTHOW MH/TYKIIMH, 3aMIOJTHSIS KOJILIEBON
3a30p MEXAY MOPLIHEM 6 M HUIMHIPOM 5, 00pa3ys TeM caMbIM MarHUTHO-KUAKOCTHOE YIJIOTHEHHUE.
[Ipu 3ToM nosocTu 8§ U 9 repMeTHYHO pa3eNeHbl APYT OT Ipyra U MpH AalbHEHIIEM YBETHUEHUH yIiia
crubaHus roJeHy, 1aBJICHHE ra3a B IIOJIOCTH 9 HapacTaeT, a B IIOJIOCTH 8 TaJaeT, IpHYeM HalpshKeHHe Ha
00MOTKY BO30Y>KJeHHsI 00eCIIeUnBaeT yaAepKUBAaeMbIi Meperaj AaBJIeHNs MarHUTHON KUAKOCTH,
MPEBBILIAIOIIMM MAaKCUMAaJIbHBIM Nepenas JaBIeHUs BO3AyXa B MOJIOCTAX 8 U 9, B pe3ysbTaTe 3TOro
MEepenycK Bo3IyXa yepe3 MarHUTHYIO )KHJKOCTh HEBO3MOXKEH M aMOPTU3aTOp padoTaeT Kak
MTHEeBMAaTHYECKas MPYKUHA, CTPEMSIIASCS BEPHYTh TpoTe3 B a3y pasrudaHus. MoMeHT
[THEBMAaTHYECKOW NPY>KUHBI IPUBOAUT K COKPAIIEHUIO BPEMEHH pa3ru0aHus npoTes3a, NpuieM CUCTeMa
ynpasieHus 18 mojgaeT HampspkeHHue Ha 00MOTKY Bo30y»kieHus 11 mocne Hauana cruOaHus TOJIEHH TEM
paHbIle, 4eM Oosnbliiee yckopeHue Oeqpa B HadabHbIN nepuos nepenoca. [lpu pasrubanun nporesa
Oeapa HAPSDKEHUE OTKITI0YaeTCsl.

[IpeumymiecTBa crioco0a u ycTpoiicTBa nepes 6a30BbIM 00BEKTOM: MOTYyUYeHA BO3MOKHOCTh H3MEHSTh
TeMIT X0Ap0BI HHBAJIH/IA HA MTPOTE3€e Oeapa; Bpemsl IeHCTBUS MOMEHTA CHITBI THEBMATHYECKOH MPY>KUHBI
HaXOJIUTCS B NPSAMON 3aBUCUMOCTH OT CKOPOCTH pa3rubaHusi rojeHu u oenpa.



Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

2. TATEHT Ne 2081643 1992.02.21

Cnoco0 ynpaBJjieHHsl CHJIIOBBIM 3J1€MEHTOM TpPeHaxepa

WJIOBOM 3JIEMEHT COIEPKUT OIMH MIIM HECKOJIBKO MapaJliieIbHO paboTaIOKX THEBMOLMIMHIPOB C
MarHUTHOM XKHUIKOCTBIO, B KAXKIOM U3 KOTOPBIX UMeeTCsl JeppOMarHUTHBIN IUIMHAD 1, pa3ieneHHbIH
(heppOMarHUTHHIM TOPIITHEM 2 CO IITOKOM 3 Ha MOJIOCTH 4 ¥ 5, 3aMIOJTHEHHBIE BO3YXOM U MarHUTHON
XKUAKOCTHIO 3. Ha mopmrHe 2 pa3Mertiena snekTpudeckas 00MOTKa BO30YKICHHS 7, BEIBOJIBI KOTOPOH 8
BBIBEJICHBI uepe3 Mokl mTok. [ToJocTs 5 repmernsnpoBana snactuuHoi auadparmoii 7. [onocts 4
repMeTU3MpPOBaHa 3JIaCTUYHBIM yIuIoTHeHHeM 10.

[THeBMonMIMHAPEI /(ur. 2/ UIMEIOT pa3Hble AuameTpbl. X HUIMHAPEI MPUKPETTICHB! K HIDKHEMY
ocHOBaHMIO 11 TpeHaXKepa, a MITOKK K MOJBIKHON mTaHTe 12, cClIocOOHON BEPTUKAIBHO MEPEeMEIaThCs
no HanpasisitomuM 13. Ha miranre 12 ykperuieH moIBxHBIN 010K 14, a Ha BepXHEM OCHOBaHHHU 15
TpeHaXKepa YKpeIUIeHbI HeMoIBIKHBIE O010ku 16. Uepes 611oku mpoTsSHYT Tpoc 17, K KOHITY KOTOPOTO
MpUKpervieHa pykosiTka 18.

BriBobI 8 00MOTOK BO30YKACHUS IEKTPHYECCKH PUCOSANHEHBI K cXeMe yrpasieHus 19, kotopas
3NEKTPUUECKH COeTMHEeHA ¢ MyIbTOM yrpasieHus 20.

CHnopTcMeH yCcTaHaBIMBAET Ha MyJbTe yrnpapieHus 20 BeIUUUHY YCUIIUS TpeHaxkepa. B 3aBucumMoctu oT
3TOH BEJIMYMHBI CUCTEMA yrpaBieHus 19 nogaeT Ha KaXKAplil MHEBMOLMIMHIDP COOTBETCTBYIOIIEE
Hanpspkenue. [lpu monave HanmpspKeHUs 00pa3yeTcs MArHUTHBIN MOTOK, KOTOPBIM OKa3aH Ha ¢wur. 1,
MarHuTHas )KUAKOCTH BTATUBACTCA B 00J1aCTh MAKCUMAJIbHOW MarHUTHOW MHIYKLIMH, 3aIIOJTHSIS
KOJIBLIEBOM 3a30p MEX/y MOPIIHEM U HWIMHAPOM M 00pa3yeT TeM CaMbIM, MarHUTHO-KHKOCTHOE
ymtotHenue. [Ipu aTom nmosocty 4 U 5 TepMETHYHO OTAENSIOTCS APYT OT Apyra. [Ipu 3ToM BO3MOXKHBI
TPH pexXrMa pabOThI K&KIOTO MHEBMOIMIMHPA. [Ipyr IepBOM pexxrMe HAIIPSHKEHHUS! OT CUCTEMBI
yIpaBJIeHHs], IOJaBaeMoe Ha JaHHBIH THEBMOLIWJIMH/IP, PAaBHO HYJI0. B 3TOM citydae 1aHHbIH
MTHEBMOIMJIMH/P HUKAKOTO YCHIIHSI Ha IITaHTy 12 /KpoMme Beca MOJBMKHBIX YacTell/ He okas3biBaeT. Bo
BTOPOM pEXHME HANPsHKCHUE MTPEBHIIIACT BEJIMYHHY, TP KOTOPOH BO3MOXEH MEPENycK padoyeii cpesl
/BO3IyXxa/ 4epe3 MarHUTHYIO KUIKOCTb. [Ipruem, HanpspkeHre HauMHAeT 101aBaThCsl B HCXOAHOM
MOJIOKEHNUH CUIIOBOTO 3JIEMEHTA, KOT/1a OPIIeHb MO ACHCTBIEM Beca 3aHUMAET KpaiiHe HIDKHEe
nonoxxenue. [lox geiicTBreM ycunus ciopTCMeHa MOPIIeHb ABMKETCS BBEpX. B monoctu 4 obpazyercs
BaKyyM, a B II0JIOCTH 5 MoAJepKUBaeTCs aTMOC(EpHOE JaBlieHHE, BCIESACTBIE NPUMEHEHUS SIaCTHUHON
nuadparmsl 9. [Ipu 5ToM nopieHs OyJeT OKa3bIBaTh Ha WITAaHTy 12 HampaBleHHOE BHU3 IIOCTOSHHOE
yCHJIME, PaBHOE IIPOU3BECHUIO IUIOLIA U CEYEHUs MOPILH Ha aTMocdepHoe napieHue. Ecnu
MTHEBMOIMIMHJPHI /QUT. 2/ IMEIOT pa3HbIe TUIONIAH CEUSHHS, TO U UX YCHIIMSI BO BTOPOM criocode OyyT
pasubiMu. [Ipu oOpaTHOM ABMKEHHMHU CIIOPTCMEHA, MOPILEHb JBIKETCS BHU3, OKa3bIBask Ha MITAHTy 12
HarnpasiieHHoe BHU3 "ycrynatoniee” ycuine. TakuMm o0pa3oM, paboTa B 3TOM peKUME MOTHOCTHIO
9KBHBAJICHTA MPHUMEHEHUIO COOTBETCTBYIOIIETO TPy3a.

B TpetbeM pexxume HalpspKEHHE MEHBIIE BETMYHMHBL, TPH KOTOPOH HEBO3MOXKEH MEPENYCK BO3/1yXa 4epes
MarHMTHYIO JKUJKOCTb.

[Ipu sTOM ynepkuBaeMblii Iepenaj JaBIeHNs IPIMO MPOTIOPLINOHAIIEH MPHIIOKEHHOMY HAIPSIKEHUIO.
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[Tpyn nBIKEHNH MOPIIHS BBEPX BO3AYX MEpEIycKaeTcs U3 MoJaocTu 5 B monocts 4. I1pu sToM nepenan
JaBJICHHUS U BMECTE C HUM YCHJINE, AeHCTBYIOIIEE Ha ITAHTy 12, MOAIepKUBAIOTCS TIOCTOSHHBIMU. [Ipu
00paTHOM JIBW)KEHUH HANpPsDKEHUE OTKITIOYAETCS U MOPIISHBb OMYCKAeTCs O JCHCTBIEM CBOETO Beca U
yemnms mranra 12. Takum 06pa3om, B 3TOM citydae "ycTymaromero” yCuius IOpIieHb He OKa3bIBaeT.
[psimoe ycunme, Ipy ABMKEHUH TIOPIIHS BBEPX, MOXKET PEryJIUPOBATHCS SJIEKTPUISCKIM ITyTEM 3a CUET
W3MEHEHUS T01aBaeMoro Hanpsbkenus. Ha mranry 12, a TeM caMbIM, Ha CIOPTCMEHA, ACUCTBYIOT YCHIIHS
OT BCEX TPeX MHEBMOLMIMHIPOB, KAXK/IBIH U3 KOTOPBIX MOKET paboTaTh B IIOOOM M3 MPUBEICHHBIX BBIIIE
PEKIMOB.

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

3.IATEHT: 1630815 1988.11.22

Crnoco0 nmoJry4yeHus CJIENKOB NMPHU U3rOTOBJEHUH MPOTE3HO OPTONeIHYECKUX M3AeTni

N3obpereHre OTHOCUTCS K MEUIIMHCKOW TEXHHUKE, 8 UMEHHO K MTPOTE3UPOBAHMIO U MPO- TE30CTPOCHHIO.
Lesp n300peTeHns - IOBBILIEHNE TOYHOCTH U3TOTOBJICHUS CIIETIKOB IyTeM HCKIIIOUECHUS €TO
MOBPEKJICHUS P MHOTOKPATHOM HCIIONIb30BaHUHU 0005109KH. Cr1oco0 O3BOJISIET U3TOTOBIISATH HETATHBEI
MyTEM HUCKJIFOUEHHsSI THIICOBOM TEXHOJIOTHH, & TAK)KE YMEHBIIUTh CE0ECTOMMOCTh H3TOTOBIICHHS CIICIIKOB
(TTO3UTHBOB CErMEHTa TeJla) MyTeM MHOTOKPATHOI'O MCIIONb30BaHUS 000JIOUKH, U3 KOTOPOH MOTy4atoT
HeraTus. {Jst 5TOro 060I04Ky N3rOTOBIISIIOT U3 OIMypeTaHa ¢ 3QQPEeKToM namsTu GopMbl, HarpeBaroT J10
50-60°C, pa3MemaioT Ha CerMeHTe Tejia, MoA()OPMOBBIBAIOT 10T CETMEHT TeJja, 3aJIMBAIOT TUIICOM, a
MocjIe OTBEPKACHUS MOCIIETHETO U3BJIEKAIOT THIICOBBIN ClIeNOK (1T03uTHB). [Jis 3TOro HeraTus
HarpesatoT 10 50-70°C, oH mprHUMAET NEepPBOHAYAIBHYIO (JOPMY U HOCJIE 3TOTO BHOBD OXJIXKIAIOT 110
20-30°C. CHsras 006oJiouka umeet HopMy 3aroTOBKH, €€ MOXXHO MHOT'OKPATHO MCIIOJIb30BATh JJIs
W3TOTOBJICHUS CIIETIKOB, CHUMAaEeMBIX C CETMEHTOB Tella IPYyruX nanueHToB. [Ipu npuMeHeHnn
OIIMCAHHOTO CIIOCO0a MOBBIIIAETCS KYJIbTypa IPOU3BOJICTBA THIICOCIIE- IOYHBIX PA0OT, YMEHBIIAETCS
JIOJISI TSDKEJIOTO TPY/Ia, SKOHOMUTCSI MaTEpHa JIJIS TOJTyYCHHUSI HETaTHBOB.

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

4. IIatent 2074677 29.04.1994
Crnoco0 mocTpoeHnsi NpoTe3a M0 HHAMBHAYAJIBHOH CXeMe W YCTPOHCTBO /UISl ero 0CyliecTBICHHS
3anadeit ©300peTeHUsI SBISIETCS YMEHBIIICHUE TPY0EMKOCTH TIOMCKA PAIlMOHATBHBIX TapaMeTPOB
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WHIUBUAYaJIbHON CXEMbI IOCTPOCHUS IIPOTE3a.

[ToctraBneHHas 3aa4a JOCTUTAETCS 32 CUET TOTO, YTO BaPbUPYIOT MApaMETPHI CXEMBbI TOCTPOEHUS
MpoTe3a B OJHOM YPOBHE, IPH STOM HCCIIEOBAHUE XapaKTEPUCTHK XOAbOBI, COOTBETCTBYIOIINX KaKIOMY
BapHaHTY CXEMbI IOCTPOCHNUS IIPOU3BOMAT B CIECAYIOLICH IOCIEA0BATEIbHOCTH: BEICTABIIIOTCS 3BEHBS
[IPOTE3a B COOTBETCTBUU C UCCIIELyEMbIM BAPUAHTOM CXEMBbI IIOCTPOEHUS], CO3JAI0T PAa3pPsHKEHUE B
PETyINPOBOYHO-COEANHUTEIHLHOM YCTPOHCTBE TSl CO3/IaHUsI MOHOJIMTHOCTH pabouero Tena yCTpoicTBa
CBIIIyYEro MaTepuaa, BCICICTBHE Yero GUKCUpYeTCs Tiiib3a Oeapa Win TpyOKa roJIeHH OTHOCUTEIIBHO
BEPXHETO WJIN HWKHETO 3B€Ha KOJICHHOTO MOIYJIsl COOTBETCTBEHHO; N3y4Yar0T XapaKTEPUCTUKU XOIb0BI,
COOTBETCTBYIOIIME HCCICAYEMOMY BapHAHTy CXEMbI IOCTPOCHUS MPOTe3a, yOUparoT pa3pekeHUe B
PEryJIHpPOBOYHO-COETUHUTEIIBHOM YCTPOMCTBE.

[ocne onpenenenus palMOHAIBHBIX TAPAMETPOB CXEMbI IIOCTPOEHUSI U COOPKH MPOTE3a 0
paIOHANBHON CXeMe MPOU3BOASAT MPOIUTKY CHIITY4ero BEIECTBA KJIEEBOW KOMIO3ULIMEH U CO3At0T
paspsbKEHHE B PEryIMPOBOYHO-COSAMHUTENBHOM YCTPOMCTBE 1O MOMEHTA OTBEPKIEHMSI, ITOCTIE YETro
paspekeHue youpaercs.

YcTpoiicTBO AMst OCYIIECTBIIEHHUS CTIIOCc00a TOCTPOSHHSA MPOoTe3a Oepa 1Mo WHANBHTyaTbHOU CXeMe
MpeacTaBisieT co00il PeryIMpoBOYHO-COSIMHUTENEHOE YCTPOMCTBO, BHIOJIHEHHOE B BHJIE 3aIIOTHEHHOTO
CBIITYYUM MaTepHalioM 4aiieoOpa3zHoro KopIyca, JOHBIIIKO KOTOPOTo KECTKO CBSI3aHO C BEPXHUM WU
HIDKHUM 3BEHOM KOJIEHHOTO MOJYJIs, U Ha CTEHKaX KOTOPOTO B IPOTHUBOIIOJIOKHOM TOHBIIIKY YaCTH
HUMeeTCsl TOPLEBOE YIUIOTHEHHE, a TaKKe cpepruuecKol MOoABMKHOM KPBIIIKON KOpITyca C
MPOCTPAHCTBEHHO PACIIONIOKECHHBIMU aHKEPaMH, KOTOpasi 5KECTKO COEIMHEHA C THIIB301 Oepa 1iu
TpyOKOI1 rOJICHN COOTBETCTBEHHO, U YIUIOTHACTCS TOPLEBBIM YIUIOTHEHHEM KOPITyCca, UMEIOLIETO
naTpyOOK, COeANHAEMbIH Yepe3 PUIbTP ¢ BaKyyMHBIM HACOCOM. Y CTPOHCTBO JUISI OCYILIECTBIICHHUS
crniocoba coaepxut (¢ur.1,2) npuemMHyr0 ruib3y 1, TpyOKy ToJIeHH 2, NIMKOJIOTKY 3, HCKYCCTBEHHYIO
cTorry 4, Kopmyc 5, pabodee BelecTBo 6, KOIEHHBIH MOIYIh 7, KPBIIIKY 8, aHKepa 9, anmacTuaHoe
ymiotaenne 10, otBomsammii natpyoox 11 ¢ dpunbtpom 12 u xpanom 13 ¢ rubkoit TpyOkoii 14, BUHT 16,
KOHTpraiky 15, maiidy 18 u raiiky 19, mmuneky 17.

[Tocne noaroHKM MpueMHOM TMiIb3bl 1 KyJIbTH HHBANIN/A, €€ COSAUHSIOT C KPBIIIKON §, HACBIMAIOT B
KOpIyC 5 ChIMy4Hil Marepuan 6, COEQUHSIOT KOPIYC 5 ¢ BEpXHUM 3BEHOM KOJIEHHOI'O MOZIYJIS 7, a yepes
HETO ¢ TPYyOKH TOJICH! 2 ¥ HCKYCCTBEHHOM CTONOH 4, a 3aTeM uepe3 naTpyook 11 u rubkyro tpyoky 14
CO3/IaI0T Pa3peXeHHEe B KOPITyce 5 ¢ CHIMyYNM MaTepHalioM 6, KOTOPBI CTAHOBUTCS MOHOJUTHBIM.

B cBsi3u ¢ TeM, 4TO B CBHIMYYMI MaTepran NOrpy>eHbl aHKepa 9, To mpueMHast THiib3a 1 JKECTKO
(uKCUpyeTCsl OTHOCUTENILHO BEPXHET0 3B€Ha KOJICHHOro MoyJst 7. Micxons u3 0ObeKTUBHBIX U
CyOBEKTUBHBIX MIOKa3aTeleil Mpu X0Ab0e, OMpeesSioT PAllMOHAIBHBIE ITAPAMETPBI CXEMbI TIOCTPOSHHUS
mpote3a Oefpa.

ITocse sToro npoTe3 3aKpervIsioT B MPOTE30Mepe ¢ LeTbio (PUKCaK PAaMOHAIBHON CXEMBI TIOCTPOCHHUS
npoTe3a Oepa ¥ MPOU3BOSIT NPOMUTKY KIEEBOH KOMIIO3UIMEH CBIITY4ero BEeIecTBa B PETyIHPOBOYHO-
COEJIMHUTETILHOM YCTPONCTBE MU MPOU3BOJIAT (PUKCAIMIO MPOIOIBLHOTO pa3Mepa peryIupoOBOYHO-
COEIMHUTENHLHOTO YCTPONCTBA C MOMOIIBIO MWIEKH 17, maiios! 18 u raiiku 19 u cozmatoT o0beMHOe
cxarue pabouero Tena 6 ¢ BUHTOM 16, KOHTpsIIIEMCSt KOHTprakoit 15.

[IpenmyniecTBa HacTOSIIETO criocoba U yCTpoicTBa BEIOOpa 00IIIel cXeMbl IIOCTPOSHHS ITpoTe3a Oepa
nepes 6a30BbIM 0OBEKTOM: CHHKEHHE TPYAOEMKOCTH ITOUCKA MHAUBUIYAIBHON CXeMBbI COOPKH MpOTe3a
Oenpa HIKHEH KOHEYHOCTH

12



Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

5. IlatenT 20122861991-08-07

IMpuemnas rub3a npore3a Genpa

[IpuemHas ruib3a COAEPIKUT MTOCATOYHOE KOIBIIO 1, OOKOBYIO TTOBEPXHOCTH 2, BUHTOBBIE Pa3pesbl 3 ¢
yriioMm HakJioHa 30-45°, uMeronue y CBOero OCHOBaHMS IIWIMHAPUYECKUE OTBEPCTUS 4, IPENATCTBYIOIINE
BO3HUKHOBEHHIO KOHIIEHTPATOB HAIIPSHKEHUH, 371ACTUYHOE KOJIBIIO 5, TUCTAIBHO PacoioKeHHOE Ha
OOKOBOH MMOBEPXHOCTH 2, COCTAaBHYIO MPOOKY B BHIE YCEUECHHOTO KOHYCa 6, 3aKPBIBAIOIIYIO THO THUJIb3bI,
KJIMH 7, pacnoJIoKeHHbIA BHYTpU KOHYca ©.

[MpuemHyto THIIB3Y MpoTe3a Oe/ipa UCTIONB3YIOT CIeAYIoMUM 00pa3oM. [1o pazmepaM KyJIbTH MOJOUPAIOT
TpeOyeMblil TUITOpa3Mep TMIIb3BI U3 YIIPyroro MaTepuana. Ha 60KkoBOI MOBEPXHOCTH TMIIb3bI 2, HAUMHAS
OT TOCaI0YHOr0 KOJblia 1, paBHOMEPHO 1O IEPUMETPY JENAt0T BUHTOBBIE pa3pesbl 3 ¢ yIJIOM HaKJIOHA
30-45° v IMIMHAPUYIECKUMH OTBEPCTUSIME 4 y OCHOBaHUS. [IHO TMIIB3bI 3aKPBIBAIOT COCTABHOW MPOOKOM
B BHJIE YCEUEHHOT0 KOHYyca 6, BHyTPH KOTOPOTO MapajiielbHO OCHOBAHHUIO PACIIONIATraloT C
BO3MOXXHOCTBIO IIEpPEMELICHUS KIIMH 7, 3aTeM Ha OOKOBYIO MOBEPXHOCTh THJIb3bl HA/IEBAIOT 3IaCTHYHOE
KOJIBLIO 5, a caMy TWJIb3Y 3aKpPEIUIAI0 BHYTPHU YaIllKHM KOJICHHOTO y3J1a IpoTe3a (He MoKa3aHa).

[Ipu xoap0€ 3a cYeT POTAIMOHHBIX IBMKEHUN KYJIbTH MEHSIETCS IIMPHUHA Pa3pe30B, PU 3TOM CTEHKa
THIIB3BI 1ehopMHUpyeTCs, Kak Obl "ABIIUT", ¢ OHOM CTOPOHBI CITIOCOOCTBYS OCYIIECTBICHUIO
POTAIMOHHBIX JIBU)KEHHUH KYJIBTH, @ C APYTOH - 3apECCOPEHHOMY NIEPEMEICHHUIO KYIbTH 110 BEPTHKAJIH,
JaBasi TAKUM 00pa3oM BO3MOXKHOCTH MBIIINAM KYJIBTH 3aHUMATh BHYTPHU THIJIB3bI HANOOIEEe
¢dusnonoruyeckoe mojoxeHue. B ciryuae mpoTe3npoBaHusi ”HBATUIOB ¢ OYJIaBOBUIHBIMH KYJIbTSIMH
HWDKHSISL 4aCTh THIIBb3BI PA3[IBUTAeTCsl COCTABHOW MPOOKOH B BHJIE YCEUCHHOTO KOHYyCa 6, BEJINYUHY
Pa3ABMKKM MOKHO PEryJIHpOBaTh, IepeMelias BHyTpY npoOku 6 kiuH 7. st BO3BpaleHus
Pa3oIIEqINXCS CTEHOK THIIB3BI B ICXOTHOE TIOJIOYKEHHE, a TAKXKE AJIS CHKAaTHS Ha BEJTMUNHY, MEHBIIIYIO
HCXOIHOTO IMAaMETPa HIPKHETO KOHIIA THIIB3bI, YTO HE0OX0AUMO IPH MPOTE3NPOBAHUH WHBAITUIOB C
KOHMYECKHMH KYJIbTAMH, IPUMEHEHO IACTHYHOE KOJBLO 5, HaJIeToe HAa OOKOBYIO MOBEPXHOCTH 2.
BentnnnpyeMocTh BHYyTpEHHETO MPOCTPAHCTBA TUIIB3BI yITyUIlIeHa Oarofaps HaTHIHIO 1Ma30B,
PaBHOMEPHO PACIIPEIEICHHBIX TI0 TEPUMETPY THIIB3BI.

[IpenmymiecTBa mpeiaraeéMoro yCTpoicTsa: o0ecredeHne poTallMOHHOW MOABHKHOCTH €
Macca)XHpPOBAaHHWEM MBI KynbTH; iepemerienrne OLIM mo BepTHKaIy; BEHTHINPYEMOCTh BHYTPEHHETO
MPOCTPAHCTBA; BO3MOXKHOCTh POTE3NPOBAHHS UHBAJIMJIOB C OyJIaBOBUHBIMH KYJIbTSIMHU.
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Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

6. ITatenT 2088181 1994-04-29

MoayibHOe POTAIMOHHOE YCTPOICTBO ISl IPOTE30B HUKHUX KOHEYHOCTeil

3amada n300peTEeHUS - MOBBILICHNE (PYHKIIMOHATBHOCTH 32 CUET pPeaIM3alllH PEryInpyeMOi
neMIupyroIeil XapaKTepUCTUKU U CHIXKEHUSI CTOMMOCTH. CyIIHOCTh U300pEeTEeHHS: yCTPOICTBO
JOTIOJTHUTEJIBHO COAEPIKUT aMOPTHU3aLMOHHO-IeMII(PUPYIOIIee YCTPOWCTBO BO3BPATHO-BPAILATEIbHOTO
JBH)KEHUS, COCTOSIIEE U3 BEPXHETO U HUYKHETO CTAKaHOB C CHUCTEMaMH JIOMATOK U 3JIEMEHTaMHU
KpEIUICHUs, YIIPYTHX 3JIEMEHTOB, pabouero Tena aeMidepa, Apocceis aeMidepa u OcH, MpuieM
pabouum TesnoM Aemiidpepa sBIASETCS ChIIydee BEIECTBO, PETYIUPYEMBIM IpocceieM AeMIdepa sIBisieTcs
rpebeHb peryaupyeMoil BBICOThI, CMOHTHPOBAHHBIH Ha OJTHOM M3 CTAaKaHOB YCTPOWCTBA MEXKIY
MepeMeIaroIIUXCsl OTHOCUTENBHO HErO JIONATOK, 3aKPEIJICHHBIX Ha IPYTOM CTaKaHe U BBIIIOJIHEHHBIX, B
TOM 4YHCIIE, B BUJIE TPeOEHKH, 3yObSIMHU KOTOPOH CIIyKaT BUHTHI, & PACCTOSIHUE MEX/Y HUIMU MEHBIIIE
pa3mepoB pabodero Tena, Ipu 3TOM YIPYTUeE 3JIE€MEHTHI BBIIOIHEHBI U3 IPOCTPAHCTBEHHO
neGOpMUPOBAHHOM POBOIOKU. OCEBOH MApHHUP BBHITIONHEH B BUJC JABYX MPOYIIVH C
aHTU(PUKIIMOHHBIMU BTYJIKaMH, OJTHA U3 KOTOPBIX KECTKO CBSI3aHA CO CTOIIOM, APYTasi - C TOJICHBIO,
HUMEIOIIUX 3JIEMEHTBI KPEIUICHHUsI aMOPTHU3aLHOHHO-1eMII(HUPYIOIIET0 YCTPONUCTBA, a TAKKE
COEIUHSIONINE IPOYIITNHBI OCH.

[Ipu pa3BopoTe TOJIEeHH OTHOCUTENHHO CTOIIHI B (ha3e OMOpPhI OceBast HArpy3Ka MmepeaeTcs Yepe3 TOPIIbI
yurer npoynivH 1 u 2 1 aHTUPPUKIIMOHHBIX BTYIOK 11. MOMEHTHI chit, JEHCTBYIOMINX BO (DPOHTANBHOM
U CaruTTAILHOM IIOCKOCTSIX, IEPEAAIOTCS uepe3 OTBepCcTHsl yiied npoymuH 1 u 2 u ock 3. MOMEHT ke
CHJI, ICHCTBYIONINX B TOPH30HTAIBHOM IUIOCKOCTH, Yepe3 MTU(THI 4 iepegaeTcst oT npoyuH 1 u 2 Ha
JIOTIATKH CTaKaHOB 5 U 6, a yepe3 HUX Ha YIPYyTHeE JIEMEHTHI 8, BBI3bIBas UX 00KaTHe U TIOBOPOT
CTaKaHOB 5 M 6, IPH 3TOM MPOUCXOIUT MEPEMELICHHE JIONIATOK, OrPaHUYMBAIOLINX 00beM aemmndepa,
OTHOCHTEJIHLHO PEryJIMPOBOYHBIX BUHTOB 10, BBI3bIBas MPUHYANUTENBHOE Nepechinanne padouero Tena 9
yepes rpedeHb, o0pasyeMblii BuHTamu 10 1 pasnessromuii 00beM aemidepa Ha JABE MOJIOCTH, U3
MOJIOCTH, 00bEM KOTOPOH YMEHBLIAETCS, B TIOJIOCTh, 00bEM KOTOPOH YBETUUMBAETCS, IPUYEM BO3HHKAET
JIOTIOJTHUTENIBHOE CONPOTHUBRIIEHHIE POTAIIUH MPOYIINH, MPOIIOPLINOHATFHOE KBapaTy CKOPOCTH
MIEPECHINAIOIINXCS YaCTHIl 9 M BEMMYMHE WX MTOKATHS ApYT K Apyry BUHTaMH 10.

[Ipu yMeHbIIEHNN BETUYNHBI CKPYYUBAIOILIETO MOMEHTA DHEPTHs, 3allaCeHHAas! IPU 00XKaTHH YIIPYTUX
3JIEMEHTOB §, CTPEMHTCS BO3BPATUTH MPOYIIMHEI 1 ¥ 2 B HCXOJHOE MOJIOKEHHE.

[puanMT GyHKIMOHUPOBAHHS POTAIMOHHOTO YCTPOICTBa B (haze MepeHoca aHAIOTUYEH PeaTn3yeMoOMy
B (haze Onopsl.

[IpeumymiecTBoO ycTpoiicTBa nepes ONmKalIiiM aHaIOTOM CIIEAYIOIIee: IPOUCXOIUT MOBBIIICHHE
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(YHKLIMOHAJIBHOCTH 3a CUET KOHCTPYKLIUU aMOPTU3UPYIOIIEr0 AEMII(HUPYIOLIETO YCTPONCTBA, UMEIOILETO
THIIPaBIMYECKHNA AeMII(ep ¢ PEeryIupyeMbIM JpocceeM, 00eCIeYMBAIONINM PErYIHPYEMYIO
HEJIMHEHHYIO JKECTKOCTHYIO XapaKTEPUCTHKY.

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

7. IlatenT 2 055 547 1992.08.14

IIpore3 Gexpa

Lenpto npeanaraeMoro n300peTeHus ABIAETCS yiydlieHne (yHKINOHANBHBIX U TEXHUIECKUX
XapaKTEPHUCTHK, COSAMHUTEILHOE 3BeHO 00pa30BaHO MepeaHeit BRITYKION MEMOpaHOH, a yIpyTHid
3IIEMEHT 00pa30BaH AIACTUIHOW MEeMOpPaHO!, YCTaHOBJICHHOW C MPOTHBOIIOIOKHON CTOPOHBI KyJIaKa C
HaTATOM.

[lepennsas memOpaHa cHaOXeHa OMOJHUTENBHBIMY IJIACTUHAMHU YOBIBAIOILEH KECTKOCTH,
YCTaHOBJIEHHBIMH C BO3MOXHOCTBIO TIOBOPOTa O/IHa OTHOCUTEIHHO JIPYTOH.

3amHss1 MeMOpaHa BBITIOJTHEHA KPECTOOOpa3HO! B BHJE JBYX MEPECEKAIOIIUXCS 3JaCTUUHBIX JICHT, YTO
OHa cHaOKeHa JIOTIOTHUTENbHBIMHE JIeHTaMu. [IpoTe3 Genpa GpyHKIMoHUpYeT cremayronM oopazom. [Ipu
xoap0e epeMeHHOe BO3ACHCTBHE Ha IPUEMHYIO THIIB3Y | KyJlbTell B 3aBUCUMOCTH OT IOJI0>KEHHSI CTOIIBI
3 obOecrieunBaeT HEOOXOAUMBIE (Da3bl YIIIOBOTO MOJIOKEHUS MPUEMHOMN THIb3bI 1 U THJIB3bI TOJICHH 2.
VYT0BOE pacIoiokeHue 3BEHbEB MPOTE3a 3aBUCUT OT COYETAHUS KECTKOCTHBIX XapaKTePUCTUK
nepenHeit MeMOpaHbl 5 ¢ TIacTUHAMU & U 3a/iHeH 3acTuyHON MeMOpaHs! 6. J[71s yMeHbIeHus
KECTKOCTH TepeTHeH MeMOpaHbI INIACTUHBI 8 TIOBOPAYMBAIOTCSI BOKPYT OCH BUHTA 9 B TOPU30HTAIILHOE
WJIM HaKJIOHHOE TIOJIOKEHHE (IITPUX-ITYHKTHP Ha (GUT. 3), A7 MOBBIIICHHUS yCTaHABIMBAIOTCS
BEPTUKAIBHO. YIIPYras XapakTepuCTHKa MeMOPaHbl 6 peryIupyeTcs yCTaHOBKOM JONOIHUTENBHBIX JIEHT
U pacTsDKeHHEM Ha 3aaHHyto JuinHy. Kynauok 4 obecnieunBaet onopy npH xoan0e, a B MOJIOKEHUN
"cros" mepeaaeT BeC OT MPUEMHOMN T3kl | Ha THIIB3y TOJIEHH 2 M HCKYCCTBEHHYIO CTOIY 3.
Kpecroobpa3Hoe ucnogHEeHHE 3aJHEr0 3JIaCTUYHOTO dJIeMeHTa 6 obecreunBaeT HaTAT KyjJadka 4 B
pabouux MOBEPXHOCTSX Ma3a 7, YTO MOBBILIAET IOJAKOCOYCTOWYNBOCTh IIPOTE3A.

o dhopmyne nzo0peTeHnst U3TOTOBIIEH MaKeT MpoTe3a Oenpa B maciirade 1:5
CpeAHEAHTPOIIOMETPUIECKOTO pa3Mepa. McnbiTanus MakeTa okaszanu 3pQeKTHBHOCTD TPUMEHEHHUS
HOBBIX 3JIEMEHTOB, YA00CTBO PErYIMPOBAaHHS APAaMETPOB, IPOCTOTY, HAAEKHOCTD U YIIyUIlICHHbIE
TEXHUYECKUE XapaKTePUCTUKH MPOTE3a 10 CPABHEHHIO ¢ M3BecTHBIM. [lepeanss MmeMOpaHa u
JIOTIOJTHUTETbHBIE TUTACTHHEI N3T0TABINBAIIUCE U3 OepmiIneBoit Opon3sl bpb2, a 3aaHss U3 2IacTHIHOM
PE3HHBI
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Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles

8. IlatenT Ne 2082378 1993-07-09

Cnocod umuTannu XoAb0bI U 0era yeaoBeka 1Jisl peaduinTanum 00JbHBIX C PA3JIHYHBIMU
ABUIaTeJbHBIMHM HAPYIIEHUSMM M YCTPOHCTBO JISl €10 OCyIecTBIeHUs!

W300pereHne n03BoIIET UMUTHPOBATh X0Ab0Y U O€T uenoBeka [uis peabuiuranun OOJNBHBIX C
Pa3TMYHBIMU JBUTATEIbHBIMH HAPYIICHUSIMH, a TAKXKE B YCIOBHUSIX €r0 OTPaHUYECHHOM MOIBHKHOCTH
ITyTeM BO3EWCTBUS Ha OMOPHBIC 30HBI CTOIBI MEXaHUIECKIMHU KoyieOaHusiMu ¢ 9acToToit (104; 52; 26)
+5% I’y ¥ MarHUTHBIM HOJIEM C YacTOTOU 6 - 7 ['1, mocTeneHHO nepexos OT MATOYHON K HOCKOBOM
YacTH CTOIBL. BpeMsi KOMMYyTaIMy TOCIIEAYIOIIEro BO30YAUTENS KOJIeOaHUH MPOTOPIHUOHAIEHO
CKOpOCTH XObOBI M Oera marpeHTa. B kauecTBe 3aaTynka napaMeTpoB BO30YKICHHS UCTIOIb30BaH
MEPCOHANBHBIA KOMITBIOTED, KOTOPBIH CBS3aH ¢ BUOPOBO30YIUTEISIMA MEXaHUUECKUX KOJIEOaHUH 1
MarHMTHOTO T0JI, BCTPOSHHBIMH B MaTpPHILy, Yepe3 yCTPOUCTBO COMpskeHHs. biok ynpasneHus
BBITIOJIHEH B BUJIC OTACIBHOTO (DYHKIIMOHAIBHOTO OJI0KA, KOTOPBIH MOJKITFOYAETCSl K TIEPCOHATBLHOMY
kommnbloTepy uepe3 cranaaptHeiil uHTepdeiic CENTRONICS. PaboTocioco6HOCTE ycTpoiicTBa
CONPSDKEHUS OAJIEPKUBAETCS IPOTPAMMHBIM 00€CIIeUeHHEM, ITO3BOJISIIOILMM PeaIn30BaTh BCE
HEOOXOIMMBIE PEKUMBI paboThl BUOPOBO30YAUTENEH, @ TAKXKE BECTH OIIEPATUBHBIA y4eT OONBHBIX U
XapaKTEepUCTHUK IPUMEHEHHOTO K HUM JICUEHHUS
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Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, Biological effects, TRIZ
principles

9. Marent 1138151 26.10.83
IIpore3 6eapa - The First in The World Guide Knee Unit

W3BecTHOE YCTPONCTBO MO3BOJISECT YMEHBIIUTD. (DYHKITHOHAIBHYIO JJIHHY MTPOTe3a B ¢a3y. mepeHoca He
6omee uem Ha 18,2 MMm.

Taxast BeIMYMHA YKOPOUEHHS B HEKOTOPBIX Clydasx HegocTarouHa. OHa BABOE MEHbILE, YEM B HOPME.
[Ipuyem crexyet yuUTHIBaTh, YTO €CIIH IIPU X0Ab0E B HOPME HOCOK CTOIHI B (ha3zy mepeHoca
MOTHMUMAETCS 3a CUET PadOTHI MBIIILL CTOIIBI U TOJICHH, TO TP XOAB0OE Ha MPOTE3€ B UCKYCCTBEHHBIX
CTOIAax TAaKoro ABJICHUS HE IPoucxoanuT. HoCOK HCKyCCTBEHHOM CTOMIBI Kak Obl OTBUCAET BO BPEMS
IepeHoca MpoTe3a Hajl ONOpoi. DTO YBENINYMBACT (DYHKIMOHAIBHYIO [UIMHY IIPOTE3a U C IIOMOLIBIO
H3BECTHOTO YCTPOHCTBA HE KOMIIEHCHUPYETCSL.

[TosTOMy X0B0a Ha MPOTE3€ C U3BECTHBIM YCTPOHCTBOM OTIMYAECTCS Y€PE3MEPHBIMU
KOMIIEHCATOPHBIMH JBM)KEHUSAMH M MIPUBOIUT K PE3KUM YBEIMYSHHUAM YHEProsarpar, yToMIseMOCTH
WBAINJA U aCHMMETPHH €T0 XO/bObI.

HCJ'H:IO I/I306peT6HPI$I SIBJISICTCS OOJIErdeHHe IepeHoca HpOTeSHpOBaHHOﬁ KOHCYHOCTH HAQ OHOpOﬁ,
CHMIKCHUC DHEPro3aTrpaTt MHBaJInaa IIpnu XOI[I)6C.

IMTPOTE3 BE/IPA, conepxamiuii ruiib3y TOJIEHH CO CTONOM, T'HJIb3y Oepa, yCTaHOBJICHHYIO Ha OLIOPHOM
IJIOIIAJIKE, IEPEIHEE U 3aJHEE 3BEHbSI, COEAMHEHHBIE C OITOPHOM IUIOIIAJKOW U TMJIB30M FOJIEHU IIPH
MOMOILY IAPHUPOB, M YIIPYTUH 3JIEMEHT, OTIMYAIOLIUICSA TEM, UTO, C LEJIBI0 O0JIerYeHus mepeHoca
MIPOTE3UPOBAHHON KOHEUYHOCTH HaJl OTIOPOH, CHI)KEHHSI PHEPro3arpar HHBAJIHNA MIPH X0Ab0e, 3a7Hee
3BEHO CHa0KEHO IMOJI3YHOM, 3aKPEIJICHHBIM Ha €r0 KOHIIE, a THIIh3a FOJICHU CHAOXXeHa HaIlpaBIIsIoIIeH,
P 3TOM TOJI3YH YCTAHOBJIEH B HANPABJISIONIEH C BO3MOXHOCTBIO TIEPEMEIIEHUS BIOJIb €€ IITHHBL.
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Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, TRIZ principles

10. ITatenT Ne2062073 1993-07-09
IIpore3 Geapa

Hcnonp3oBanue: n300peTeHUE TO3BOIISIET YIIYUIIUTE YCIOBUS U HAIEKHOCTH Pa0OTHI MPOTE3a, yIydIIaeT
TOJICPAHTHOCTD TAIIMEHTA K IPOTE3Y MyTeM YMEHBIIICHHS CTYKa IPH X0/1b0€ U YCJIOBHS pa0OThI KOJICHHOTO
MEXaHM3Ma NpU XO0Jb0e Ha HEpOBHOW MOBEepXHOCTU. CyIIeCTBO W300pETCHMS: JIs 3TOr0 OJHA W3
BpalllaTeIbHBIX KHHEMATHYECKUX TIap BBITIOJIHEHA B BUJIe KHHEMAaTHIEeCKOH IMapbl TPETHEeTo Kiiacca 7, JBe -
B BUJIE KHHEMATHUYECKUX Tap MATOro kiacca 11, a mocrtynarenbHasi KHHEMaTHIeCKask Tapa BHITIONHEHA B
BUJIE KHHEMAaTHYECKO maphl 4eTBepToro kiacca 12. 3ajHee 3BeHO KoeHHOTro Mexanu3ma 10 obpasyer ¢
JTUCTAbHBIM 3BEHOM 4 TMOCTyHaTelnbHYI0 Mapy YETBEpTOro KIlacca, BEPXHsSS YacTh 3a/IHETO 3BEHA
COeMHEeHAa C MPOKCHMAaJIbHBIM 3BEHOM Mapoil TPEThEro Kiacca, IepeHee 3BeHO COeMHEHO BepXHEd u
HIDKHEH 9acTsSMHU COOTBETCTBEHHO C IMPOKCUMAIIBHBIM M JUCTAIBHBIM 3BEHBSIMH KHHEMATHUECKOU Tapoit
MATOTO KJacca. 3 3. . (-JIbl, 8 Wil.

Hcnonp3oBanue: n300peTeHUE TO3BOISIET VIIYUIIUTE YCIOBUS U HAJIEKHOCTh Pa0OTHI MPOTE3a, yIydlIaeT
TOJIEPAHTHOCTB IMAIMEHTA K MPOTE3Y ITyTeM YMEHBIIICHUS CTyKa ITPH X0Ah0e U YCIOBUS paOOTHI KOJIEHHOTO
MEXaHM3Ma TpU X0Jb0e Ha HEPOBHOW MOBepXHOCTH. CyIIecTBO H300pETCHMS: JJIsi STOrO OJHA U3
BpaIaTeIbHBIX KHHEMATHYECKUX Tap BBHIITOJIHEHA B BUJIE KWHEMATHYECKOM IMaphl TPETHETO Kiacca 7, IBE -
B BUJIE KHHEMATHUYECKUX Tap MATOro Kiacca 11, a mocrymarenpHas KHHEMaTHIeCKas Tapa BHITIOTHEHA B
BHJIe KHHEMATHUYECKOH Maphl 4eTBEpTOro kKiacca 12. 3amHee 3BeHO KoyleHHOro Mexanusma 10 obpasyer ¢
JTUCTATHHBIM 3BEHOM 4 TIOCTYMHATENIbHYIO Iapy YETBEPTOrO KIilacca, BEPXHSS YacTh 3aTHETO 3BEHA
COEIMHEHA C MPOKCUMAJIbHBIM 3BEHOM IMapOil TPEThEero Kjacca, NepelHee 3BEHO COCIUHEHO BEpXHEU U
HIKHEN 4acTSIMU COOTBETCTBEHHO C IMPOKCHUMANIBHBIM U JUCTAIBHBIM 3BEHbSIMH KMHEMATHUECKON mapoit
MATOTO KJacca. 3 3. M. (-JIbl, 8 Wil.

[Ipoananu3upyeM 4KCII0 CTEIICHEH MOIBKHOCTH TaKOro MexaHu3ma 1o ¢popmyie ComoBa-MasbliieBa
/em. kH. 1.W. AprobosneBckuii. Teopus mexannsmoB, M. Hayka, 1967, ctp.74/.

W=6n-5ps-4p4-3p3-2p2-p1 1 YKCIO MOABUAKHBIX 3BEHBEB MEXaHU3Ma, UCKIt04ast CTOUKY Ps,P4,P3,P1-

18



KOJIMYECTBO KMHEMATHUECKUX Iap MATOr0, YSTBEPTOro,nepBoro kiacca. Torma mjst anajigora /1/ W 63 54 -
2, T.€. TAKOM MEXaHM3M JIBAXK/Ibl CTATUYCCKU HEOIPEICIIUM U 110 TCOPHH PAIIMOHATLHBIX MEXaHU3MOB B
HEM BO3HHMKAIOT O'POMHEBIC PEaKI[UH B KHHEMAaTUYCCKUX Mapax.

VY npemiokeHHOTo B HACTOSIIEH 3asBKe KOJICHHOTO MEXaHU3Ma JIBe BpalaTebHble KHHEMAaTHUECKUE
TTapsI IATOTo Kitacca 8,11, omHa BpammarenbHas KHHeMaTHIecKas mapa TpeThero Kiacca 7 M oHa
nmocTynareiabHas KHHeMaTu4ecKas rmapa 4eTBepToro kiacca 12,

W 63 524131 +1, T.e. mOIXy4eH CTATUYECKH OMPEASTUMbIA MEXaHU3M, 00JIaIaI0IIHIA TOBBIIIICHHBIM
pecypcoM paboTOCIIOCOOHOCTH B CHITY TOT'O, YTO OH M30ABJICH OT M30BITOYHBIX "BpeAHBIX" CBSI3EH, T.€.
MEXaHM3M JIy4Ille TPEIbIIYINX, pa0OTAIONIHIA HA N30BITOYHBIC HATPY3KH, YTO TMOBBIMIACT €r0
HaJIe)KHOCTh, B 0COOCHHOCTH MPHU XOAb0E B €CTECTBESHHBIX YCIOBUIX IO HEPOBHOM MOBEPXHOCTH.
YMEHBIIAeTCsl CTYK B COWICHEHUSIX TPOTE3a, MOBBIIIACTCS TOJIEPAHTHOCTh HHBAITUIA K TIPOTE3Y.
PecypcHbie ucnpiTanusi KOJICHHOTO MEXaHH3Ma MOKa3alu YBEIIMYCHHE pecypca ero paboTsl B 2,7 pasza 1o
CPaBHEHUIO C CYIICCTBYIOIIMMH, YTO OCOOCHHO aKTyaIbHO JIJISl IPOTE3HON MPOMBIIIICHHOCTH M IS
MaIMEeHTOB-TI0JIL30BaTENel POTE30B Oeipa ¢ KOJICHHBIMH MEXaHU3MaMU YKa3aHHOW KOHCTPYKIIWH.

Using TRIZ tools: S-CURVE Analysis, Physical effects, TRIZ principles

2.List of innovation projects, in the work on which the candidate was actively involved (no less than ten

projects)

I was involved practically in majority of projects in prosthetics and orthotics branch and conversion, since
formulated new directions and participated in designing and signing majority technical specifications.
Few general directions of projects are:

1.Modular system for prosthetics and orthotics.

2.Scoliosis treatment.

3. Artificial feet.

4.Ancle joints

5.Knee units.

6.Hip units.

7. Mathematical modeling.

8.Artificial Intelligence

9.Testing devices for prosthetics.

10.Lower limb prosthetics.

11.Upper limb prosthetics.

12. New materials for prosthetics and orthotics.

13. Rotators.

14.Sockets for stumps.

15.Braces
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16.Electrostimulation

17.External sources of energy in prosthetics.
18.Canes and crutches

19.Wheelchairs

20.Technologies for prosthetics productions.
21.Surgery and many others.

11 HATEHT Ne 1175471

29.04.83 IIPOTE3 HUKHEN KOHEYHOCTH , conepamuii IpHeMHYIO THIb3Y 6e/pa, IapHHpHO-
COCAMHEHHYIO C THJIb30U FOJICHN M CTOIOW, OTIUYAIOMINICS TEM, UTO, C LIENbI0 CHIKEHHUS SHEPro3arpaT
pu X0oap0e MHBANIA IPH OTHOBPEMEHHOM 00€CTieYeHUH TTIOAKOCOYCTOMYMBOCTH , OH CHAOXeH
3IIEKTPOMEXAaHUYECKUM (PHKCATOPOM KOJICHHOTO IAPHUPA, OCh KOTOPOTO CMeIleHa BIepea OT OCH
KOHEYHOCTH A0 7 CM, COCTOSIILIUM U3 YCTAHOBJIEHHOT'O Ma OCH KOJIEHHOTO IapHupa O0apabaHa U JIEHTHI,
BBINOJIHEHHBIX U3 MAarHUTOMSITKOTO MaTepHuaja, a TAKXKe Pa3MELICHHOTO B THIIb3€ TOJIEHH COJICHOMIA, U
PAcCIIONIOKEHHBIM B CTOIIE KOHTAKTHBIM JATYMKOM, COSAMHEHHBIM C TIOCJIEA0BATEIbHO MTOIKII0UEHHBIMU
HNCTOYHUKOM MUTAHUS U 3JIEKTPOHHBIM YCHIIUTEJIEM, BBIXO KOTOPOrO COEANHEH C TOKOTIPOBOISAIIUMHU
oOMoTKamK OapabaHa U COJIEHOMIA, OAMH KOHEI] JICHTHI )KECTKO COSAMHEH C THIIb30# T'OJIeHH, a IPYToi
MIPUKPETICH K CEpACYHUKY colieHouaa. Ha oOMOTKy coneHounzia 12 OT cucTeMbl, KOHTaKTHBINM AaT4nK 24,
WCTOYHMK 25 MUTaHUs, SIEKTPOHHBIN ycuuTenb 26 nogaerca uMmyiasc Toka. [Ipu atom cepreunuk 11
BBITSTUBAETCS B COJICHOM]T 12 ¥ HATATHBAET COCAMHCHHYIO C HUM JICHTY 6 (OJTHOBPEMEHHO UMITYJIbC TOKA
MIPOITyCKaeTcs U 10 TOKOMPOBOIsAIIe 00MOTKe 19, pacmonoskenHo BHyTpH Oapabana 5) . [Ipoucxomut
3aTATMBAaHUE CTAJILHOM JIEHTHI 6 BOKPYT MOBEPXHOCTH OapabaHa 5, yTo 00yCIOBIMBAET HAASKHYIO
(bMKCaInIo THIIB3BI 2 TOJIEHN OTHOCUTENEHO NpreM4 HOM T3kl 1 Oeipa mpu oTnpeeieHHOM YTII0BOM
TIOJIOKEHUHU MOy Tuiab3amu 1 6enpa u 2 ronenu. [lpu oTKIIIOYeHNN UMITyJIbca TOKa OT 0OMOTOK 19 1
cojieHoua 12 MPOUCXOAUT pac(hUKCALUs KOJICHHOIO MEXaHU3Ma,

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, TRIZ principles

12 TATEHT Ne 1268149 22.02,84
Cnoco0 onpenejieHHsi MTHOBEHHOT'0 IICHTPA BPaIlleHUsI KOJICHHOI'0 CyCTaBa
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N300peTeHre OTHOCUTCS K OMOMEXaHHKa U MOYKET OBbITh UCIIOJIb30BAHO B TPABMATOJIOTHH U
npote3ocTpoeHuu. Llens n300peTeHus - yrporieHue crnocoda 3a cueT NpoeUPOBaHUs Ha SKpaH
M300paKCHUS C TIO3UTUBHOM IJICHKH B KOTEPEHTHOM cBeTe. [10 00e CTOPOHBI OT KOJICHHOTO CyCcTaBa Ha
0eIpo U rojicHb HAKJICHBAIOT TOYCUHbIC HCTOYHHUKH cBeTa. [loBOpaYrBarOT rojieHh OTHOCUTEIILHO Oefipa .
[Tpu 3TOM TOYECUHBIE HCTOYHUKHU CBETA OMUCHIBAIOT KPHUBEIC, KOTOpBIE oTorpadupyrot . MU3o0paxkenne
YMEHBIIAIOT Ha MO3UTUBHOM TUIEHKE. DTY TUICHKY OCBEIIAIOT IIOCKOH BOJTHOW KOTepeHTHOro cBeTa . Ha
9KpaHe MOJIy4YaroT (G pakIMOHHbIC TIOJI0CH. Touka mepecevdeHus TUPPaKIIMOHHBIX JTyYel IBISICTCS
MPOEK.IIMEH MIHOBEHHBIX IIEHTPOB BPAIICHUSI KOJICHHOTO cycTaBa. ONpenelstoT MOJI0KEHHE
MTIHOBEHHOTO IICHTpPa BPAIEHUsI CyCTaBa MPH HEMOIBMKHOM Oenpe. CheMKY JBUKECHUS UCTOYHUKOB
CBETa MPOU3BOJIAT B TEMHOTE, OTKPBIB 3aTBOP (hOTOKaMephl Ha BpeMsi crubanus cycrasa. [lo3utusHOe
M300paKeHHE TOTyYaroT B JIBa ATalla ¢ TOCJIe0BaTeIbHBIM yMEHBIIICHHEM Ha (hoToKamepe U
(hoTorTamrie, UCMOB3YS (POTOILIACTHHKH BRICOKOTO pa3pelieHus. Pa3Mepbl H300paKeHUI TpaeKTOpuid
IBVOKCHHS TOYEYHBIX NICTOYHHUKOB CBETA 10 YMEHbIIeHHs 0blH chexyromue: d,=1 mm, x=80 MM.

OcaelleHne OCYIIECTBISIIOT KOT€PEHT-3 HbIM UCTOYHUKOM cBeTa ¢ b =0,63,10 mMm. [Ipennaraemsrit
croco0 JaeT BO3MOXKHOCTD OTIPEICTUTh MOJI0KEHHE MTHOBEHHOTO IIEHTPAa BpaIlleH!s KOJIEHHOTO CyCTaBa
HEIMOCPEJICTBEHHO MPOEIUPYS Ha 7 SKpaH N300paKeHUS C TIO3UTUBHOMN TUICHKH B KOTEPEHTHOM CBETE.
DT0 MO3BOIIAET UCKIIOYUTH CIIOKHBIE TTOCTPOSHUS.

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, Physical effects, TRIZ principles
13 HATEHT Ne 1338856 29.12.85
HckyccTBeHHas crona

HckyccTBeHHas cTola COAEPKUT LIMKONOTKY 1, 0Ch 2 TOJI€HOCTONHOTO MAPHUPA, IEPETHIOI0 YacTh 3
Kapkaca ¥ 3aHIOI0 4acTb 4 kapkaca cronsl. Ilepennsis

3 u 3aaHs1s 4 9aCTH UCKYCCTBEHHOMN CTOIIBI COCTOST U3 ABYX YacTeil 5, 6 u 7, 8§ cooTBeTCTBEHHO. B
HIDKHEH 9acTy KapKaca IoJI iepeHe 3 u 3aHell 4 9acTsIMU PacroNoKeHa IacCTHIHAs HIDKHSS
MIOBEPXHOCTH 9, apMuUpOBaHHAS HUTSMH.

Yactu 5 8D 8 kapkaca MOTyT epeMeIaThCs B INIOCKOCTH, PACIIONI0KEHHON NEPIEHIUKYISIPHO OCH 2
TOJICHOCTOITHOT'O IIAPHUPA (B CATUTTAIBHON INIOCKOCTH).

Kapxkac, cocrosmuii u3 gacteit S 8D 8, BMecTe ¢ 31acTUIHON HUKHEH OBEPXHOCTHIO 9 3aiuT
neHononuyperadoM 10. Mexny muKoIoTKoN 1 1 BepXHUMH HapyKHBIMH JacTsimu 5 BD” 8 kapkaca
ycTaHoBieHbI amopTu3atops! 11 BDH” 14 coorBeTcTBEHHO.

HckyccTBeHHas crona GyHKIMOHUPYET CIIEIYIOIIM 00pa3oM.

B Havane onopHoro nepuosa mara npy HaCTyNaHUU HA MATOYHBIA OTJEIN CTOIBI, COCTOSIIUHN U3 3aHUX
yacTel 7 1 8 KapKaca, BO3HUKAET CYITMHAIMOHHBI MOMEHT, IIPH 3TOM 33Hss BHYTPEHHSAA 4acThb §
KapKaca IOBOPaunBaeTCs OTHOCUTEIBHO OCH 2 TOJIEHOCTOIIHOI'O IIapHHUpa U AedopMUpyeTcs
amoptu3aTtop 14 3amHero Touka ctonsl. [lpy ganpHemem nepekarte yepes MATKy BO3HUKAET
MIPOHAIIMOHHBIA MOMEHT, TIPU 3TOM 3a]IHss Hapy’KHas 4acTh KapKaca MOBOPAUYNBAETCS] OTHOCUTENIBHO OCH
2 roJICHOCTOITHOTO IAPHUPA U Je(GOPMUPYETCS aMOPTH3aTOP

13 3amHero otaena cromsl. [Ipu repekare yepes nepeIHuid OTAE CTOIBI IepeIHss Hapy)KHas 4acThb 6
KapKaca TIOBOpaYMBaeTCsa OTHOCUTEIHHO ocH 2 To1eH038856 2 cromHoT0 mapHupa u amopTtuzatop 12
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nedhopmupyetcs. [Ipy qanpHEHIIIEM epeKaTe Jepes MepeTHIA OTAeI CTOIBI BO3HUKAET CYITUHAITMOHHBIN
MOMEHT, TIepeIHS

5 BHYTPEHHSIS 4acTh 5 KapKaca MOBOPAaYUBACTCS OTHOCUTEIHHO OCU T'OJICHOCTOIHOTO IIApHUPa U
npoucxoaut Aedopmarus amoptuzatopa 11. [leHonmomuypeTaH, 3aNOTHSIONIMI KITMHOBUIHBIN pa3pes
MeX/1y TepeTHel 9acThio 3 KapKaca ¥ 3aJHel 4acThio 4, IPH NEHCTBUH BEPTUKAIBHON HATPy3KH Ha
CTOITy BBITIONHSIET POJIb YIPYTOTO dJIEMEHTa, IMHTHPYIOMIEro pabo,Ty cBoaa cTonbl. biaromaps stomy
MOBBIIIACTCS (PYHKITHOHATBHOCTh UCKYCCTBECHHOH CTOTIBI M YIIYUIIAFOTCSI OMOMEXaHUYECKUE
XapaKTEePUCTUKH XOAh0bI Ha TIPOTE3eE.

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, TRIZ principles

14 TIATEHT Ne 1410970 07.07.86
TI'osieHocTONHBIM y3ea

N300peTeHne OTHOCUTCS K MEIUIIMHE, TOUHEE K IPOTE3UPOBAHUIO U IIPoTe30cTpoeHHUIo. Llens
M300peTeHws - o0ecrieueHue MeHTPaThbHON aMOPTH3aluK ¥ OOKOBOM MOJABMKHOCTH B (haze OTOPHI IPU
x0ap0e. J{J1s1 3TOT0 HCIIONIB3YIOT TOJIEHOCTOIHBIHN Y3€J1, COIepIKaIIHiA IIIMKOJIOTKY 1, COeMHEHHYIO uepes
0Ch 2 TOJICHOCTOITHOTO IIapHHPA € KapKacoM 3 CTOMbI 4, pacroioxKEHHBIM BHYTPH Hee, IEPEIHUN 5 1
3anHuil 6 amopTu3aropsl. Ock 2 HaXOAUTCS B BEPTUKAILHOM Ma3y 7 Kapkaca cTomnsl. [lpu HarpyxeHun
CTOIBI OCh HJET BHU3 M0 N1a3y U OCYILIECTBIIAETCS AedopMarust aMopTU3aTopoB. [ npepoTBpaieHus
yZapa ocu O HIKHIOIO YacTh 11a3a €T0 JUIMHA HE MPEBBIIACT BHICOTHI KapKaca.

Using TRIZ tools: S-CURVE Analysis, Su-Field Analysis, TRIZ principles

3. Copies of articles and reviews on practical use of candidate's inventions, results of innovation
projects, in which the candidate was actively involved
(including implemented products and technologies, obtained economic effect, etc.)
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08.08.2019

Dr. Boris Farber

for the TRIZ Master Degree

for outstanding achievements in the field of practical application of TRIZ
Two cases study:1.Artificial foot

2. Knee unit for Lower Limb for prosthetics

WHY A FOOT ?-“The human foot is a masterpiece of engineering and a work of art.” Leonardo da
Vinci

- - — - -

6.Genrich Altshuller’ 5.Mikhail 4. Goryunov 3. 14th Separate 2. Leonardo da Vinci 1.Slavin Farber- Marine

publication,1956 Kalashnikov on a machine gun SG-43 Marine Corps Brigade Books (Academia 1932) Lieutenant,1949
cover of “Sovetskij Pacific Ocean Fleet

voin” 1949 Kamchatka 1949

— “ . 9. Studying TRIZ+da Vinci 10. Post graduate School at Central
7.Me 8. Da Vinc! Legacy ( “The human foot Is Lerac ngundation of Research Institute of Prosthetics (CNIIPP)-
a masterpiece of engineering and a g Y Head Institute in USSR domain
work of art.”) Sciences
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TRIZ innovation Roadmap in Bioengineering
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Kinematics Trends of Ideality Principles of
Patents and Dynamics Engineering System Resolving
Publications Energy Evolution S-curve Analysis Contradictions
Analysis Podogram : 4 o
v Pestogram Identification and Function Analysis | Functg)n O:ented
EMG analysis of Main - garc
Real Market Parameters of Value Couse;?;e(;scham Standard Inventive
Ana|y5i5 Analysis of Physical (MPVc) Solutions
and Mechanical Trimming ,—l
. Ivsi parameters STATICS Selection of ARIZ
Patient Analysis and DYNAMICS innovation Targets Key proF)Iem Scientific Effect
. g
VoC (Voice of Selection Database
Customer) Durability Conversion of MVPs Tactic Problem Macrolevel
Analysis to Physical Identification Algorithms
Expert Analysis i rrmeten Strategic Problem Su-Field Analysi
p \ Anticipatory oo Identification Lhield Analysts
. rends 0
Falll_‘lre . Engineering Systems Trends of
Determination Evolution Engineering System
Evolution

TRIZ innovation Roadmap in Bioengineering (continue)

What are reason to
believe the developed
solution will work?

Implementation

Biomechanical ‘ IP protection

analysis
Technical
Documentation
Failure
Anticipation Producing
Analysis experimental series

Durability Testing

Synergy analysis

IP potential Patient testing

evaluation Correction to technical
documentation

Biomechanical
Failure Anticipation

Preparation for mass
production

Social impact
justification
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Cause-Effect Chains Analysis for Artificial Foot Design

Key
Disadvantage 1
Wrong
Weight
Strength
Optimization

Key
Disadvantage 1
Wrong

Strong but
excessive
heavy

Too Heavy

Fatigue
Headache

Too Hard

Back

Elastic
Elements
optimization
\[o]
customization

(“-”

-"analogy
with shoes)

Key
Disadvantage 3
Wrong mass
Distribution

Pain

Joints
pain

Not Durable
and Strong
enough

Too Light

_ Comfortable

Not

and difficult
to walk

Low-functional

“pirate” prostheses

Not anthropomorphic
foot

Super system: A Man
(including bionics
foot control
System: Lower limb

prosthesis (including
foot control

Active Prostheses with external
energy sources, increased
functionality and control

Dynamic Active functional
foot with advance control
and recuperation

Subsystem: Artificial
Foot

Ideal 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
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PROBLEMS to solve for new ARTIFICIAL FOOT design

* 1. Customize foot by patient’s weight and activity, rationalize mass
distribution.

* 2.Increase strength and durability foot.
* 3.Design tools for measurement foot elasticity parameters.

* 4, Customize parameters viscosity, based on mass of a patient and
parameters of gait, increase shock absorbing .

* 5. Consider IDEALITY solutions which are based on symmetry of
Prosthetics and Intact Leg, and minimum energy cost

* 6. Find out how nature use resources “vibration” and apply TRIZ principle
#20 continuity of useful action (analogy with G. Golovchenko approach).

» 7.Consider a System Operator and functional-oriented approach to solve
supplementary problems.

Main Feet on a Market starting point of my
researches

Rubber Reutov Foot
Polyurethane Reutov Foot
SACH Foot (Solid Ankle, Cushioned Heel (SACH))

R

Foot with metal frame and central rubber (MMZ Semashko)
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Trends of Engineering System Evolution(TESE)

Lyubomirsky A., et. al.

“At the second stage, the recommendation is to optimize rather than resolve contradictions because
resolving contradictions takes time and you should not spend time on large- scale improvements
when the engineering system is generating profits. Lower-level Improvements that can be made
quickly are more effective during this dynamic stage.”

Tactics & Strategy for Foot design Problem Identification

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

. . o | Foresee new ways to
: Ra-tlorTallze mass-inertia parameters supersystem - subsystem
distribution

' Strength optimization

Parameters of elastic elements
customize for a patient

Analyze system operator for solving

supplementary problems
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Function-Oriented Search for Artificial Foot Viscoelasticity

Identify the key Articulate the Formulate the
problem to be specific function to required
solved be performed parameters

Generalize the
function

Adaptation
viscoelasticity
elements of a

Foot to patient elements and
Find relationship
hei
Shock between their
) parameters and
absorbing BInatient

Customize Energy Design a foot
distribution of with viscoelastic
patient movement customizable

Customize
Viscoelastic
elements

Doctor can easily
change a foot
viscoelasticity

parameters based

on relationship

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

Car Industry
suspensions and tires

Analogy: Tires and
suspensions

Select the technology that is
most suitable to perform the

Function-Oriented Search for Artificial Foot Viscoelasticity (Continue)

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

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

to adapt and implement the
selected technology
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Functional Analogy between shoes, feet and a car
suspension with variable stiffness and damping
force for automotive applications

Functional Analogy between shoes, feet and a car suspension
with variable stiffness and damping force for automotive
applications
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Vertical component of ground reaction as a function of patient mass

Junamorpamma 6era Tpycuoi no
JKEeCTKOMY (CniowHasn TuHus) u
MSATKOMY (NYHKMUp) NOKPHITHIO
(o Nigg, Denoth)

BeprukanbHas (cniowHas iunus) u

TOPU3OHTAJBHAS (NYHKMUP) COCTABISIOMINE CHIIbI el CTBUSA
HAa 00pY B 00bLIYHON X01K0e 1 CIIPUHTEPCKOM Oere

(o M. A. Kaiimun, B. B. Trore)

Measurement of patient accelerogram and
pestogram at different levels
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Farber B. et al., Biomechanical basis of choosing the rational mass and its distribution
throughout the lower limb prosthesis segments

* Journal of Rehabilitation Research and Development Vol . 32 No. 4, November 1995 Pages 325-336

Farber B. et al., Static System for 3-D Foot Research, Patent # 1398857 &
Evolution Toward Increased Dynamism TRIZ Principle #15. Dynamicity
Farber B. et al., Dynamic System for 3-D Foot Research Patent # 1442208

1398857

10
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Function-Oriented Search for Artificial Foot Weight and Strength

Identify the key
problem to be
solved

Articulate the
specific function to
be performed

Find relationship
between foot
weight and
biomechanics of
gait

Weight parameters
of foot suppose to be
customizable for
particular patient

Find relationship
between foot weight
strengths and patient

biomechanics

Foot should be light
to save patient’s
energy, butin
order to be strong,
stable and durable
it cannot be light

Formulate the
required
parameters

Generalize the
function

Foot weight
suppose to be
customizable ,

depend on level of
amputation and
less than 500 g

Improve function
of a system “man-
prosthetics ”
based on rational
mass distribution

Find relationship
between foot
strengths and its
parameters

Optimize mass,
strength and
durability of foot

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

Robotic and
Airplane Industry

Analogy1:
Anthropomorphic
robots for optimizing

Analogy 2: Methods design

Analogy 3: Methods
Fatigue cyclic load Testing

Function-Oriented Search for Artificial Foot Weight and Strength (Continue)

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

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

Methods of design elements irregular shapes

to adapt and implement the
selected technology

in airplane industry

11
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Farber B. et al., Photo elasticity for Foot Studies
Farber B. et al., Finite Elements for Foot Studies

Farber B. et al., Device for Lower Limb Prosthetics Fatigue cyclic
load Testing Patent #2039537

12
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Evolution Toward Increased Dynamism and Controllability
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

TRIZ Principle #40. Composite materials
Farber B. et al., Lower Limb foot model with arch and elastic element

Patent #2 088 180, study a foot arch

13
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Function-oriented approach for different object . Farber B. et al., Patent # 1570723
Orthopedic insole to support the arch of the foot with effect of memory form
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.

Anticipatory Failure Determination 1 (AFD 1) in studying lower limbs prosthetics applying
“wrong” elasticity

Anticipatory Failure Determination2 (AFD2)-anesthesia of the foot with Novocain and study
Biomechanics

14
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After studying a subsystem-artificial foot | moved to a Super System - a MAN (Foot Control)

Analogy with Music of Forest (Rustle of the Forest M.K.Ciurlionis ) 1903
-vibro tactile contact a foot with ground nature uses for supersystem control

15
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Function-Oriented application for patients after strokes and heart
attack: Vater-Pacini corpuscle. Nerve Parameters as a function of
pressure & ground reactions
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TRIZ Principles #23. Feedback and #18. Mechanical vibration. Farber B. et al,,
Technology of imitation of walking and running for the rehabilitation of patients

with various movement disorders Patent # 2082378 Time diagram of
vibrator control in Vibro Scanner.

16
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TRIZ Principles #18. Mechanical vibration

Farber B. et al., Transport Control (Pilot Cabin with Vibro tactile sensors) Patent # 2100224
Relative time for visual and vibro tactile sensors reaction. From Earth to Space: Spacemen
Sensitivity after flying in spaceship “Saliut-6” (and others) and using vibroscanner

Functional-oriented application for different fields: TRIZ Principle#
23.Feddback #18.Mechanical vibration Blind-Mute-Deaf people
running without non blind assistant, based on our “vibro” solution

17
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PART 2 KNEE UNITS

KNEE UNITS

-
////
Foot Trajectory -

e

Swing Phase

.
\.\\

Dissipative
Forces

Viscosity / ~
Elasticity

Shank

Hill strike phase
h Pneumatics

acceleration i

o T

CLASSIFICATION

Lower
Limb
Prothetics

Stance Phase

Momentum Stability

Inertia

Amortization
Crecoperaion

— Toe off phase Z

I Cxternal

source of
energy

Electro

mechanics

System Operator for Above Knee Prosthetics Unit Design Swing phase

Super system:
A Man

Low-functional “pirate”
prostheses

System: Lower limb
prosthesis

Subsystem:
Knee Unit

No knee units

Prostheses with external
energy sources, increased
functionality and control

Functional knee units
with advance control

Ideal final result

Treatment
& Regeneration of all
organs. Cloning

Treatment & Regeneration of
the lower extremities. Cloning

Treatment & Regeneration of
the knee joints. Avoiding
Amputation

18
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Levels of abstraction of knee units Swing phase

Mechanical units

B Guide Crank
a5 tube mechanism

Dissipative units

Magneto
Rheological

19
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A: Cause:
Biomechanical functions
Swing Phase
Trajectory
Kinematic & dynamic

Uniaxial knee

Magneto
Rheological

A: Negative effects:
Scoliosis
Patients extra energy lost
Vascular overloading
Lost of symmetry

B: Cause improved
acceleration in swing
phase

Uniaxial knee unit with

balancing weight and
crank mechanism

B: Negative effects:

1-4.All the same asin A
5.Extra weight
6.Lower durability

Trajectory

Kinematic & dynamic
More symmetry

Less energy cost

Less scoliosis

4 bar knee
Units with rotating pairs

With crank
mechanism

Four bar
knee units

C: Negative effects:
Increasing weight
Increasing a numbered elements
Decreasing durability
Decreasing resources

Our solution:

D: Cause
1. Improve durability
2 Improve trajectory
3 Improved centroid
4 Improved acceleration
5 Decrease weight
6 Improve kinematic & dynamic
7 Improve resource
8 Eliminate extra weight
9 Improve application of
dissipative element

D: The 1-st in the World
self adjusted guide knee
mechanism without
additional links

1 We combined all positive features
of A,B,C
2 We made 3 trimmings
2.1 We trimmed extra links
2.2 We trimmed extra weight

in structural synthesis
2.3 We trimmed crank
mechanism

3 We increased ideality

4 We decreased negative effects

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

Function
oriented
search

¥

Mathematical
modeling

Arrangement
of hinges

In place of
the natural

Distal
(proximal}

Elasticity/
Viscosity

Movement in
joints

Degrees of
freedom

Mobility

Passive
moments

Elasticity/
Viscosity

Functional and
biomechanical
properties

Technological
devices for

Functional

Interfaces e

Parametric
synthesis
|
TRIZ
Trimming

Inter-link
angles

research

Support
reactions

Kinematic

Dynamic

Functional
length

Sustainability

Muscle

Symmetry Work

Biomechanical

Physical
effects

mechanisms
Correction

Trajectory of
movement
Podosram
Common
center of
mass
Electro-
Points of zero
momentum

Functional
length

Anticipatory

Failure

Determination

20
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Main Market Knee Units before beginning of my researches 1.Uniaxial Knee Units, 2.Uniaxial Knee Units with Lock
3.Uniaxial knee unit with extra balancing load weight 4,5 4 bar knee units

Trends of Engineering System Evolution(TESE)

Lyubomirsky A., et. al.

“At stage 3 cost reduction is the first recommendation for the near- and medium-term. That is why the TRIZ-
tool of trimming can be beneficial in this stage. Radical trimming, integrating alternative systems, and
transitioning to the supersystem can be good recipes for changing the principle of operation.

Jumping to another S-curve for the same MPV is usually considered to be radical innovation.”

21
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Swing phase prosthetic leg trajectory and scoliosis

Swing phase movement and trajectory

22
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Swing phase 2 links pendulum

Function System Diagram of Knee Unit With Crank
Mechanism and Load and Trimming

23



08.08.2019

Cause-Effect Chains Analysis Model for Artificial Knee

Key
Disadvantage 1

Heavy : Difficult to
Fatigue walk

Key Low Not

Disadvantage 2 Durability Comfortable
Durability Strength to walk

. Prosthetic
Back Pain ALRNLIE leg is
Key Scoliosis &

Disadvantage 3 shorter
Negative Ground
Clearance

Function-Oriented Search for Artificial Knee

Identify the ke ; Formulate the . technologies that perform
¥ ¥ il dis . Generalize the nnologtes that p

problem to be specific function to required function a similar function in

solved be performed parameters related and non-related

In order to move Provide smooth Function of Save a function of Space Industry
symmetrically, “biomechanical” moving extra the system based
prosthetic limb movement in load 500-1000g, Y

i . on weight
should contain swing phase connected to . &N’
moving extra load . X without using
but in order to save without extra translational weight
s patient energy, load, diameter of movement i
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 scientist put impr.)rtant

Robotics,
Mechanisms Theory

Provide a
function of the
system based on
mechanism
properties

Analogy: Instead of using inner
translation mechanism
provide functionality of a
system by kinematics, without

24
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Function-Oriented Search for Artificial Knee (Continue)

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

Improve functionality of a knee mechanism in
Methods of Mechanism Synthesis

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

AnbTwiynnep I'. C. et. al., HAUTU UAEIO

* ObpaTmMmca K cTaTbe Hay4yHoro obo3peBatens «lpasapl» B. ybapesa
«100 MmnHYT cpegm TanH». Peub naet o ctaHumu «BeHepa-12». «bbin B
CNyCKaeMoOM annapate LLeHTPOBOYHbIN rpy3. [la 1 Kak obontnce 6es
Hero, ecin HeobxoaMmo, YTobbl “lWapuK” 3aHKUManN CTporo
onpeaeneHHOe NosoXKeHWE B NPOCTPAHCTBE?»™* aeanbHbli
LEHTPOBOYHbINM rpy3 — KOraa rpysa HeT, a QYHKLWUKM ero no
COBMECTUTENbCTBY BbINONHAET KAKON-TO APYrOon OOBEKT.

* YyeHblit HacTaMBan: Hago Pa3mMecTuTb npmbop. Uaea npuwna
HEOMWUOAHHO: CHATb LLEHTPOBOYHbIN rpy3. Mprbop BbINOAHAN CBOU
bYHKUMM M O4HOBPEMEHHO Urpan Ponb rpysa..

25
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Stance phase

Initial Models of Gait

26
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Energy cost of gait as a function of knee location

Function System Diagram of Polycentric Knee Unit
With 5t class kinematic pairs

27
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Swing phase for 4 axes knee mechanism

Problem Identification for Knee Units and Super System Lower Limb Prosthetics

Problem Identification

Based on S-curve
Create a new module TITANIUM
system of prosthetics for any
level of amputation

Program minimum
Design a knee unit which combines
property of all 4 units on the market,
including:
Multi axes knee unit Modular system

Knee unit with balancing ....

Light

Durable 3-D movement knee units
Easy to produce

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

Magneto rheological and
computer control

External source of energy for
main biomechanic parameters

28
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4 Bar Knee Unit of 3rd type: Farber B. et al., Patent # 1454448 with kinematic pairs of
Sthclass Patent # 1323100 4 Bar Knee Unit of 3rd type: Farber B. et al.,

Farber B. et al., Kinematics of knee joint and
Structural Synthesis of guide knee Mechanism

W=6n-5p5-4p,-3p3-2p,-p;
W=6x3-5x4=-2
W=6x3-5x2-4x1-3x1=+1

29
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The first in the World Guide Knee Units with pairs of 4'™ & 5" classes: Farber B. et al., Guide
Rocker Knee Patent # 1138151 and Guide Self adjusted
Knee Units with pairs of 3™ ,4™ & 5 classes: Farber B. et al., Patent #2062073

Farber B. et al., adjustable model of guide knee mechanism Patent #1138151
Swing phase: guide rocker knee mechanism

30
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Moment Inertia as a function of time (knee angle)
in a swing phase

Ground reactions in A/K prothesis with guide
knee mechanism

31
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Farber B. et al., Rocker Knee mechanism D16T
Patent # 1138151 Producing by Plant Semashko

Farber B. et al., Above knee prosthetics
with guide rocker unit Patent #2062073

32
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Farber B. et al., Patent # 1466738 guide rocker
unit for knee disarticulation

RESULTS OF IMPLEMENTATION

Level 3 (Super system)

Dynamic foot with
elastic elements for

Level 4 (Super system - Subsystem)

Guide knee unit with
dissipative elements

sports

T ot AT T Line of 23 new medical
magneto rheological and drUgS and methods of
computer control diagnostics

Knee units for stance
phase control

Foot with external

source of energy

Level 1 (system) } Level 2 (Super system)
Foot 1 Guide
With : Knee
) Mechani
eIZI::::ts ! echanism Modules System of the
X 30 years Lower-Limb Prosthesis
30 years 1 producing Rocket and Space
producing : 4 different types: Corporation “Energia” for
- I Adult: Normal stamp different level of
Method of rational | Long stamp ion f ittal
mass distribution 40 1 Kids: Normal stamp ST E e S
years application | Lo GG transversal plane and
- ! frontal plane
Method of chosing 1
elastic elements 30 1 GoIdEthg:! joild
years in industry 'L xnibrtion
i
1
1
1
1
1
1
1
1
1
1
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Modules System of the Lower-Limb Prostheses Rocket and Space
Corporation “Energia”

“If | were given an hour in which to do a problem upon which my life depended, | would spend 40 minutes studyingit, 15
minutes reviewing it and 5 minutes solving it.” A.Einstein

Knee units system produced by “Energia”

34
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Rocket and Space Corporation “Energia”

Rocket and Space Corporation “Energia” (kid units)

35



Serial production of wide nomenclature of modern modules and units for upper-and lower-limb
prostheses and also orthopedic apparatus was developed and provided at RSC Energia based on a high
scientific and technical potential of the staff and fruitful cooperation with Central Research Institute of
Prosthetics and Prosthetics Design (Moscow) and St. Petersburg organizations leading in the prosthetics
field and the active support of Ministry of Health Protection and Social Development (Ministry of
Labour) of the Russian Federation and Roscosmos of the Russian Federation.

The whole system of new prosthetic and orthopedic products was modular-constructed. A prosthetics
specialist can assembly practically any prosthesis of separate modules individually for a particular patient.

The first serial modules of low-limb prostheses were produced already in 1990.

The development of new materials for prosthetic and orthopedic products, first, for receiving sockets, as
well as specialized tooling and appliances for prosthetic and orthopedic enterprises and workshops is one
of the trends of OAO RSC Energia activities.

Modules and Units of the Lower-Limb Prostheses:

Modules and units of hip prostheses for adults

24
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Guide knee units for adults 5A 035-01 for knee
disarticulation ; 5A 035-02 for regular stamp
5A 029D for kids

Guide knee units for Kids: 5A 037D knee
disarticulation; 5A 037D-01 ; 5A 037D-02

36
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Advantages of our knee unit :
* 1 Combined all positive features of A,B,C-main existing knee units

* 2. Increased ideality

* 3. Trimmed extra links

* 4, Trimmed extra weight by structural synthesis (IFR)

* 5. Trimmed crank mechanism, but maintained its action (IFR)
* 6. Improved durability and resources

* 7. Improved trajectory

* 8. Improved centroids

* 9. Improved momentum of inertia without extra weight(IFR)
* 10. Improved kinematic & dynamic

* 11.Improved application of dissipative element

Lev Yashin the "Black Panther” considered by as
the greatest goalkeeper in the history of the sport
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Tatyana Kuznetsova (above knee amputation) World Champion in

NY Marathon

RESULTS OF IMPLEMENTATION

Level 1 (system)

Foot
With
Elastic
elements

30 years
producing

Method of rational
mass distribution 40
years application

Method of chosing
elastic elements 30
years in industry

Guide
Knee
Mechanism

30 years
producing

4 different types:
Adult: Normal stamp
Long stamp
Kids: Normal stamp
Long stamp

Gold Medal World
Exhibition

Level 2 (Super system)

Modules System of the
Lower-Limb Prosthesis
Rocket and Space
Corporation “Energia” for
different level of
amputation for sagittal
transversal plane and
frontal plane

Level 3 (Super system)

Dynamic foot with
elastic elements for

sports

Foot with external

source of energy

—— - — ] F— e e e e —— == =

Guide knee unit with
dissipative elements

Guide knee unit with
magneto rheological and
computer control

Knee units for stance
phase control

Level 4 (Super system - Subsystem)

Line of 23 new medical
drugs and methods of

diagnostics
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I published more than 200 articles and books, which include implemented products and
technologies.
In a branch of prosthetics and orthotics we consider social effect more than economic.

Some examples of my publications are:
1.Biomechanical basis of choosing the rational mass and its distribution throughout the lower limb
prosthesis segments
https://pdfs.semanticscholar.org/c228/285c8defe3dd05c88a46367a83bc15578367.pdf
2. An above-knee prosthesis with a system of energy recovery:
https://www.rehab.research.va.gov/jour/95/32/4/pdf/tarber2.pdf
3.Pa3paboTka METOI0B COBEPIICHCTBOBAHMS CHCTEMBI "'deI0BEeK-TIpOoTe3 (opTe3)-cpena’
http://tekhnosfera.com/razrabotka-metodov-sovershenstvovaniya-sistemy-chelovek-protez-ortez-sreda
4. Creation of new medical drugs based on TRIZ and computer mathematical modeling. Annals of
Mechnikov Institute, N 4, 201 p.15-32

https://zenodo.org/record/2547580#.XGVsUIVKIiWE

5. Application of synergetic set of TRIZ principles for developing camp -accumulation activators and
their influence on multi-drug resistance microorganisms
https://zenodo.org/record/2639505#. XTI Mwluj7SUk

During conversion since Central Institute of Prosthetics and Prosthetics Design was a Head Institute of
the country, with my participation and technical specifications was created a new for entire country
modern modular system of prosthetics and orthotics base on Rocket Space Technology for any level of
amputation. Many of these devices were the best in the world and got more than 10 gold and silver
medals in World Exhibitions.

In 1989, best on conversion, by the Government decision the responsibility for development of up-to-date

prosthetics systems for people with locomotor system damaged was laid on NPO Energia This trend
became one of the leading ones in the conversion activities of the enterprise.

23


https://pdfs.semanticscholar.org/c228/285c8defe3dd05c88a46367a83bc15578367.pdf
https://www.rehab.research.va.gov/jour/95/32/4/pdf/farber2.pdf
http://tekhnosfera.com/razrabotka-metodov-sovershenstvovaniya-sistemy-chelovek-protez-ortez-sreda
https://zenodo.org/record/2547580%23.XGVsUlVKiWE
https://zenodo.org/record/2639505%23.XLMwluj7SUk




































































































A

Journal of Rehabilitation Research and
Development Vol. 32 No. 4, November 1995
Pages 325-336

Department of
Veterans Affairs

Biomechanical basis of choosing the rational mass and its
distribution throughout the lower limb prosthesis segments
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Abstract—A solution for finding a rational distribution of
mass in lower limb prostheses has been considered based on
the formal premise favoring the identification of the move-
ments of a prosthetic and an intact leg. For the purpose of
simplicity, an analysis has been carried out for only the swing
phase, the data about the properties of moving segments
being determined without integrating differential equations of
motion. At the formation of equations of motion, an
assumption that body segments are absolutely rigid and have
constant moments of inertia and locations of the center of
mass was taken into consideration. Based on independent
proportions formed of combinations of the coefficients of
equations of motion, a system of three equations has been
formulated and solved in relation to the mass values sought: a
static radius and a radius of inertia of the prosthesis complex
link “‘shin + foot + footwear.”” From the six unknowns
included in the equations, three values are chosen as mean
values determined empirically. The solution of obtained
equations results in the following conclusions: the parameters
of the mass distribution in a ‘‘shin + foot + footwear™
complex link depend on the amputation level and the
patient’s mass. These data, reported in appropriate tables,
may be used in prosthetics practice. Recommendations have
also been presented with regard to a prosthesic mass relative
to the age of the person with amputation and a method of a
balancing of prostheses aimed at the achievement of a
rational distribution of masses. The analysis of obtained
equations has also allowed us to make recommendations
about the artificial foot mass. It has been concluded that a
reasonable desire to reduce the mass of the prosthetic
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segments is not an end in itself, but is only the means of a
rational distribution by means of balancing. It has been proved
that rational prosthetic fitting results in decreased energy costs
and overloads are decreased and a normalized gait.

Key words: above-knee prosthesis, below-knee prosthesis,
center of mass, mass center location, moment, prosthetics,
residual limb.

INTRODUCTION

The principle of symmetry in prosthetics is most
generally expressed as the requirement of at least formal
identity in controlling the motion of the prosthetic and
the sound limb. In this case, it is possible to obtain
some data on the characteristics of the moving bodies
without integrating differential equations of motion. In
mechanics, such a method is called the method of
mechanical similarity (1). We shall use this method to
solve concrete problems, determining the rational distri-
bution of masses throughout lower limb prostheses. To
simplify the consideration of the mass distribution
problem, we have limited our study to the swing
interval alone. This approach can be substantiated by
the following reasons: during standing or walking, the
person with amputation leans his/her prosthetic side on
a surface, so the weight and other inertial characteristics
of the prosthesis produce less effect on his or her energy
expenditures. But as soon as the prosthetic limb is
lifted, the inertial characteristics of the residual limb/
prosthesis system immediately begin to influence the
qualitative and quantitative characteristics of motion.
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It should be noted that the application of the
principle of mechanical similarity does not exclude
other reasonable assumptions leading to different solu-
tions. Thus, Godunov (2) assumed that the masses of
both the prosthetic and sound limb segments must be in
the same proportion. This opinion can be recognized as
valid only for those prosthetic limb segments which do
not involve a residual limb, such as the shin section and
artificial foot of an above-knee (AK) prosthesis.

Some research papers provide a priori recommen-
dations on the prostheses mass. Roschin and Delov (3)
consider the optimum weight of an AK prosthesis to be
within 2.7-3.6 kg and the weight of a below-knee (BK)
prosthesis to be 2.3-2.9 kg. Staros (4) stresses in his
paper that he considers it incorrect to automatically
assume greater energy expenditures for heavier prosthe-
ses. He asserts that the work of hip muscles is
influenced by the distribution of mass throughout the
prosthesis: that is why it is necessary to raise the total
center of mass location of a prosthesis by reducing the
weight of its distal portion.

METHODS

We shall consider the problem of rational distribu-
tion of mass by means of the similarity method.

Differential Equations of Motion

Figure 1 presents a dynamic model of human
walking in the form of a 9-link biokinematic chain with
11 degrees of freedom. Lower limb segments (hip,
shank, fore and hind sections of feet) are presented by
four links; trunk, neck, head, and arms (presented as one
link).

Movable links rotate around the axes of a coupling
O, with the centers of masses concentrated in the points
C,. The generalized coordinates are chosen to be X, Z,
the horizontal and vertical displacements of the point O,
(the center of the hip joint) and &; (the angular
displacements of the pelvic and lower limb links from
the vertical axis).

While formulating the equations, the following
assumptions were admitted: the body segments are
absolutely rigid, the distribution of masses within each
link is constant and does not depend either on muscular
tension or spatial interrelation of the links, and the links
have constant inertial moments and the positions of
centers of masses Ji=Const., ;=Const. The couplings
between the links are stationary and the system is

Figure 1.
Dynamic model of human gait.

incapable of being integrated. The motion is possible
due to the muscular forces, called joint forces, the
moments of which are applied in the centers of rotation.

On the basis of the mechanical principle of
releasing from couplings, the interaction of lower limbs
with the support surface is replaced by the ground
reaction, the components of which are marked R and
R_. In that case, both R, and R act as external forces.
The differential equations of motion of the system are
formulated using Lagrange II equations:

d{ oT oT
dr<aqi> 0g &
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The motions of the suggested system are described
by the second-order differential equations and in general
can be presented as follows:

M;=M;yy + éaﬁ [@jcos(@j - ‘Pi) + ‘P?Si”(q’f - ‘P")] *

J=1

¢;[ iCose; + (2 + ¢ )sine, | - DARSing, — R,Cose,);

4
. =n Ll
.= N I .= 2]
X

4
P EPk P
(x~=-ip,-2+ﬁt}——L?;ci=-—il-+Eit}—-L‘;

i i

g 8 4 8

Here P, = masses of segments;
L, = lengths of segments;
[, = static radii;

p, = inertial radii of segments;

g = acceleration of the gravity force;

¢; = generalized coordinates;
R,, R, = horizontal and vertical ground reaction

components;
x, y = load point coordinates.

The equations presented above can be considered as the
formulae determining the moments of muscular forces,
having the data on generalized coordinates, changes,
ground reaction, and its load point. The necessary
information can be obtained by an experimental method.

The Application of the Mechanical Similarity
Method

Let us assume that each system of equations is
recorded twice for two models, one of them imitating
the motion of the sound limb (index ‘‘c’’), the other,
that of the prosthetic limb (index *‘p”’).

In that case, the main requirement of mechanical
similarity (i.e., the requirement of the formal identity of
equations of motion for both models will be observed)

is met, provided that
Xp = X5 2y = 2o
“_Cp_My 2
Cijc Mic’

ijc

where K=Const, a,=C;=M, are the coefficients of
equations, the joint moments.

To prove the identity of equations, it is sufficient to
make replacements in the equations for model II

o, = ke, Cypy = Cis My, = M, 3]

ijp ijer “ijp ijer
to obtain the equations for model 1.

The conditions of Equation 1 make it possible to
work out a series of independent proportions, which are
reduced to the system of three equations with six
unknown quantities by means of using biomechanical
constants (5).

It should be noted that the coefficients of the
system of equations in Equation 1 present the combina-
tions of inertial and geometric characteristics of the
human body limb segments.

The results of numerous investigations in the fields
of anthropology, anatomy, and biomechanics made it
possible to establish regular relations between character-
istics of separate segments and the human body as a
whole (6,7). It is important to note that at the present
time the investigations in this field are carried out to
meet the needs of not only prosthetics manufacturing
but robotics technology, aviation, and space medicine as
well. Therefore, the following parameters are well
known: the relative linear dimensions of the human
body segments, expressed in relative units ‘P’ (where
“P” is 1/56 of human height); the relative masses of
segments (the mass of the whole body = 100 percent);
the coordinates of mass centers (the human height = 100
percent); and the coordinates of joint centers in
percentages of the human height and the proximal
joints. The positions of partial mass centers and the
value of inertial radii of limb segments measured from a
proximal joint are also determined. For the first time the
calculations of the mass, the partial mass centers, and
the inertial radii of a lower residual limb for different
levels of amputation were carried out. It was performed
using the approximation method with bodies of rotation
recommended by reference books on mechanics (8).

Distribution of Masses Throughout a Prosthesis

The independent proportions obtained from condi-
tions (9) are recorded as the system of equations solved
in relation to P,, [,, p, (i.e., the mass, the static radius,
and the inertial radius) related, respectively, to the
human body mass P and the link length L. Note that the
derived system of three equations has six unknown
quantities, three of them having been chosen the mean
as the result of a considerable number of measurements:
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P {
K, = "Pih“ =0.016; K, = I—j = 0.0598;
(4]
K, = %1'1 = 0.662,

where P, I, p,, are the mass, the static radius, and the
inertial radius of the AK socket, related, respectively, to
the human body mass P and the hip length L,. These
amputations are described by the following equations:

2
! 0.010+K K
p=[ 2] =0310 —

+1 1;
L, 3.330K,( K5~ 1.30K2)

_ P2 _ 2 B
r="2= 3.330K(K; ~ 1.30K2); [5]

where P,/P, L,/L,, p,/L, are the mass, the static radius,
and the inertial radius of the complex chain ‘‘shank +
foot + footwear’’ related, respectively, to the human
body mass P and the distance ‘‘knee—floor’” L,.

Py _lkb _ Pw
K4:——P;‘;K5_——‘.K6—z:’ [6]

where P, I, pi, are the masses, the static radius, and
the inertial radius of the AK residual limb, related,
respectively, to the human body P and the hip length L.

It should again be stressed that the mean values of
the AK socket inertial characteristics replaced in
Equation 5 obviously do not depend on the level of
amputation, for whatever the length of the residual limb
may be, the AK socket depends only on the sound limb
hip length, that is, on the human height.

However, it should be taken into account that a
purposeful striving for reducing the mass of modern
prosthetic parts is not an end in itself, but a method of
rational distribution of mass with the help of balancing,
for example. Balancing is possible in the case where the
actual weight of a complex chain shank + foot proves to
be less than the calculated weight.

Balancing is performed in the following way. First
the mass of the patient, the level of amputation, and the
distance knee-floor L, are measured. Then, with the
help of a simple device, the scheme of which is given in
Figure 2, the actual masses of a complex chain P, and
its static moment M, are determined. The calculated

mass (P ), the static radius (/,), and the calculated static
moment (M,) are determined with the help of nomo-
grams (Figures 3-5) by the level of amputation, the
mass, and the distance ‘‘knee—floor’” of the patient. The
nomograms have been worked out according to the
known mathematic rules in logarithmic coordinates on
the basis of Tables 1 and 2.

The value of a balancing load and the position in
which it is fixed are determined by the following
formulae:

AP =P, — Py 7]

M, — My
b= =735 8]

where the numerator presents the difference between the
calculated and the actual static moments and the
denominator shows the value of a balancing load.
Usually strips of sheet lead 5-6 mm thick are used as a
balancing load. A strip of lead plate, the mass of which is
equal to the calculated value of a balancing load, should
be riveted to the rear surface of a shank tube at the point,
located at the distance [, from the knee joint axis.

” -
g

Figure 2.
Scheme of a device for determining the position of a center of mass
of a chain.
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Figure 3.
A nomogram for determining the calculated mass (P2) of the II
chain. R.L. = residual limb.

Not rejecting other hypotheses, we demand that the
masses of the prosthetic limb segments be in the
proportion identical to that of a sound limb, that is,

PytPytPy  PHP+P
P, =P, PP, ]

where Py, and p, are masses of a prosthetic shank and a
natural shank, and P, and p, are masses of a prosthetic
foot and a natural foot, and P, is the mass of the
footwear. After a simple transformation, the following
calculation formula for a prosthetic foot is obtained:;

P,  0.0165+r,
~"0.0640+r, '

roo=

= [10]
where r is the relative mass of chain II (shank + foot +
footwear), and r, is the footwear mass, related to the
human body mass.

The structure of Equation 10 shows that the
prosthetic foot mass depends on the amputation level. In

the actual range of the footwear mass, r,, it increases,
but does not decrease with the increase of the footwear
mass. This is illustrated in the graph r,,—q; ) shown in
Figure 6.

To determine the value of prosthetic foot weight
characteristics, we chose r;=0.005 P (i.e., we assume
that the footwear mass makes up 0.5 percent of the
human body mass). Hence

P,
ro =5 = 0.312r — 0.005 [11]

Using this formula, we calculate and tabulate
(Table 3) the correlation between the mass of a
prosthetic foot and the patient’s level of amputation.

It should be stressed that the identity of initial
equations leads to the continious functional correlation
between the mass of a complex chain and the amputa-
tion level, despite the fact that the AK residual limb is
placed in the AK socket, while the BK residual limb is
a component of a complex chain.
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A nomogram for determining the calculated value of the static radius
(12). R.L. = residual limb.
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A nomogram for determining the calculated value of the static
moment (Mp).

Table 1.

RESULTS AND DISCUSSION

Let us illustrate the final results of the calculations
in Table 4 and note that they agree with numerous
experimental data obtained by direct weighing of
cadaver materials and by using models: by means of
swinging, twisting, etc. It is important to note that
Table 4 shows the mass of the residual limb with and
without atrophy. The data are valid for the Russian
classification of residual limbs.

The figures given in Table 4 can be called the
biomechanical constants. It results from the fact that the
root-mean-square deviations for all these figures range
within +3 percent. This was shown by different authors,
by the result of our investigations, and first of all by
Bernstein (10).

Thus, each of these figures is constant for a human
body as, for example, the temperature 36.6° C is
normally characteristic of a healthy body.

Using the data given in Table 4, it is possible to
interpret Equation 5 as formulae for determining the
masses of a complex chain, the static radii, and the
inertial radii for AK prostheses of various design and
draw up the graphs and the corresponding calculation
tables. Figure 7 shows the mass-inertial characteristics
of a complex chain shank + foot + footwear for AK
prostheses of various designs, depending on the amputa-
tion level, and Table 1 gives their numerical data.

Assuming that the socket mass of a modern AK
prosthesis is not more than 0.8 kg, we created a table of
numerical data for an AK prosthesis, depending on the
level of amputation and the human body mass. Table S,

Parameters of a complex chain ‘‘shank + foot + footwear’” masses distribution throughout an

above-knee prosthesis.

Parameters of a complex chain (%)

= o=
P, % L. %

r

M

# Level of amputation - L, %
1 Short above-knee RL 0.44 98.7 85.0
2 Border of upper and middle third 0.95 69.4 71.8
3 Half of a hip 2.02 56.5 64.8
4 Border of middle and lower third 3.10 545 63.6
5  Long above-knee RL 3.44 55.1 63.9
6  Gritti RL 4.20 58.8 66.1

RL = residual limb
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Table 2.

Parameters of distribution of masses throughout a complex chain ‘‘shank + foot + footwear’’
for a below-knee prosthesis without thigh corset.

Characteristics of a complex chain (%)

# Level of amputation rzP,% I*L,% B L, %
1 Short below-knee RL 32 67 71
2 Border of upper and middle third 2.8 74 75
3 Half of a shank 2.4 81 80
4 Border of middle and lower third 2.0 88 85
5 LongRL 1.7 94 88
6  Pirogov (Syme’s) RL 1.2 100 95

RL = residual limb

in the Appendix, shows the prosthetic mass without
taking into account the mass of the footwear.

The analysis of Table 5 may seem surprising, but
the logic of regularities in correlation between the
amputee’s mass and the level of amputation is quite
convincing: the shorter the residual limb and the lighter
the patient, the lighter the prosthetic mass must be.
Some recommendations disagree with technological
possibilities: the seemingly large prosthetic mass for
those patients who weigh more than 90 kg and have a
long residual limb, may cause a negative reaction.
However, experience shows that as a rule, walking on
prostheses with the rational distribution of masses
requires less energy expenditure and is accompanied by
less asymmetry between the gait of the prosthetic and
the sound limb.

Similar calculations were performed for BK pros-
theses and also for elderly persons with amputation. The
approach to prosthetics for the elderly is based on the
assumption that the age-related reduction of physical
fitness is equal to the increase in time spent on
performing a motional task such as walking, running, or
swimming (11).

This is illustrated in the equation TA=KA-TF,
where TA is the age-related time, TF is the actual time
spent on performing a motional task, and KA is the age
index.

If, for example, the time shown by a runner is
multiplied by KA for his age in years, the result is the
age-related time, that is, the time spent for covering the
distance by a runner of 20-34 years.

Figure 6.
Artificial foot mass in dependence on the footwear.

Shown below are the age indexes KA:

Age KA
20-34 1.00
50 0.87
60 0.78
65 0.74
70 0.70
80 0.63

Using these indexes we can create Table 6 (see
Appendix), presenting the AK prostheses mass for
elderly persons with amputation.
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Table 3.

Mass of a prosthetic foot (kg).

Amputee’s body mass (kg)

# Level of amputation 50 60 70 80 90 100
1 Short above-knee RL 0.066 0.080 0.093 0.107 0.120 0.133
2 Border of upper and middle third of a hip 0.146 0.175 0.204 0.233 0.262 0.291
3 Half of a hip 0.312 0.375 0.438 0.500 0.563 0.625
4 Border of middle and lower third of a hip 0.480 0.576 0.673 0.768 0.865 0.961
5 Long above-knee RL 0.535 0.642 0.749 0.855 0.963 1.070
6 Gritti RL or knee disarticulation 0.658 0.787 0.920 1.052 1.185 1.316
7 Short below-knee RL 0.512 0.614 0.716 0.818 0921 1.026
8 Border of upper and middle third of a shank 0.450 0.540 0.630 0.720 0.810 0.900
9 Half of a shank 0.388 0.465 0.543 0.620 0.697 0.775

10 Border of middle and lower third of a shank 0.325 0.390 0.455 0.520 0.585 0.650

11 Long below-knee RL 0.279 0.335 0.390 0.490 0.502 0.557

12 Pirogov (Syme’s) RL 0.200 0.241 0.281 0.321 0.361 0.401

RL = residual limb

We have noted already that the present level of
prosthetics technology does not allow us to follow all
the above-mentioned recommendations for all weight
groups and levels of amputation. However, all of these
recommendations are valid for middle and lower-level
AK amputations.

It is somewhat easier to solve the problem of the
rational masses distribution throughout a BK prosthesis
(Figure 8 in the Appendix). Using the formulae analo-
gous to Equation 5, the following mass-inertial character-
istics of a complex chain shank + foot + footwear for a
BK prosthesis without a thigh socket can be presented.

In Table 2 P,/P, I,/L,, p,/L are the mass, the static
radius, and the inertial radius of a complex chain shank
+ foot + footwear related, respectively, to the human
body mass P and the distance knee—floor L.

Table 7 in the Appendix shows the dependence of
the BK prosthetic mass without thigh corset not
considering the footwear mass.

Recent publications provide information on consid-
erable success in manufacturing BK prostheses. Thus,
Rothschild (12) reports of a BK prosthesis, the mass of
which amounts to 0.680 kg.

The following assumptions can be used to solve
the problem of the optimal choice of a prosthetic foot

mass. Let us take into account the recommendations
about the mass of a complex chain shank + foot +
footwear obtained from choosing the rational distribu-
tion of masses throughout an AK and a BK prosthesis.
Thus, we tabulate the data obtained from Tables 1 and
2 into Table 8.

In Table 8 (see Appendix), as well as in the above
given tables, P, is the mass of a complex chain, related
to the human body mass.

The analysis of Table 3 shows that the greatest
difficulties arise while trying to choose a prosthetic foot
for the high levels of AK amputations and long BK
residual limbs. However, the principle of seeking
prosthetic foot designs of minimum mass is preferred in
order to obtain the rational distribution of masses
throughout the whole prosthesis using the balancing
technique. It should be noted that the problem of
designing prosthetic feet with variable mass is urgent,
though rather difficult. Modern prosthetic feet lack such
design possibilities, and the mean mass value ranges
between 0.4-0.6 kg.

An Example of the Calculation of the Balance

1. The weight of the person with amputation
(dressed, but not wearing a prosthesis) P=71.6 kg.
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Table 4.
Mass, mass center location and inertial radius of a residual limb.

RL mass as percentage of
the human body mass

Radii in parts of segment
length from knee joint (for
a shank) and from hip

Distance from RL joint (for a thigh)

without with mass center in % of static inertial
# Level of amputation atrophy atrophy the human height radius radius
0  Shank and foot 6.40 — 14.04 0.505 0.591
1 Pirogov (Syme’s) RL 4.75 3.32 18.19 0.361 0.416
2  Long below-knee RL 4.63 3.24 19.27 0.322 0.382
3 Border of middle and lower third of a 4.00 2.80 20.54 0.272 0.327
shank
4  Half of a shank 3.00 2.10 2226 0.203 0.288
S Border of middle and upper third of a 1.93 1.35 24.40 0.141 0.209
shank
6  Short below-knee RL 0.92 0.64 26.50 0.069 0.122
7  Gritti RL 11.58 8.10 42.48 0.437 0.521
8  Long above-knee RL 10.20 7.15 43.24 0.377 0.449
9 Border of lower and middle third of a hip 8.70 6.08 44.47 0.314 0.357
10 Half of a hip 6.90 4.82 46.63 0.232 0.286
11 Border of middle and lower third of a hip 4.85 3.40 48.33 0.144 0.147
12 Short above-knee RL 2.56 1.79 50.29 0.078 0.130
13 Disarticulation of a whole leg 0.00 0.00 52.13 0.000 0.000

RL = residual limb

The level of amputation: the border of the middle
and the lower third of a hip.

The knee—floor distance L,=48 cm.

The actual mass of a complex chain (shank + foot
+ footwear) Pg=1.75 kg.

The actual static moment of a complex chain
(shank + foot + footwear)=52.5 kgcm.

The calculated mass of a complex chain (from
Figure 3) P=2.15 kgem

The calculated position of the center of masses
(from Figure 4) 1p=28 cm

The calculated static moment (from Figure 5)
Mp=59 kg/cm

A balancing load AP=2.15—1.75=0.4 kg

The position of a balancing load

_ 59-52.5

0= "oz = 16.2cm

Thus, the load weighing 0.4 kg must be placed at
the distance of 16.2 cm from the knee joint axis on the
rear surface of the shin tube.

CONCLUSIONS

The application of the ‘‘principle of symmetry,”’
which is a biomechanical interpretation of the mechani-
cal similarity method, provides the data on some
motional characteristics of a person’s lower limbs
obtained from the analysis of differential equations of
motion without integrating them. In that case, analytical
dependencies appear between the individual characteris-
tics of the person with amputation (weight, height, level
of amputation, degree of atrophy, and so forth) and the
mass-inertial characteristics of the links of the prosthe-
sis intended for this specific person.
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Mass-inertial characteristics of a complex chain shank “‘+ foot +
footwear’” for AK prosthesis.

P, is the mass as a percentage of the human body mass; static radius
12 and inertial radius are expressed as a percentage of the distance
“‘knee~floor’” L2. On the X-coordinate is the frontal displacement of
the total center of masses (TCM) related to the man’s height.
I=Gritti stump; II=long stump; Il=border of lower and middle third
of a hip; IV=half of a hip; V=border of middle and upper third of a
hip.

It was discovered that a purposeful striving for
reducing the mass of the prosthesis links is not an end
in itself but a way of the rational distribution of masses.
Thus, it is necessary to lighten the distal section (i.e., to

raise the position of the center of masses in the shank +
foot chain of an AK prosthesis) while in a BK
prosthesis the proximal section should be lightened.

The comparison of theoretical recommendations
with everyday practical possibilities shows that the
needs of persons with high-level AK amputations and
low-level BK amputations are not satisfied, because all
the available prostheses are too heavy for them. This
fact determines the direction for investigation.

To achieve complete agreement between the iner-
tial characteristics of prostheses and the theoretical
recommendations, the technique of balancing was sug-
gested. The objective clinical, physiological, and
biomechanical techniques prove that the rational distri-
bution of masses throughout the prosthesis favorably
influences the final result of prosthetic fitting. It reduces
energy expenditure and overloading and normalizes the
characteristics of walking.
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APPENDIX

Table 5.
Dependence of an above-knee prosthesis mass (kg) on the amputation level and the human body mass.

Level of amputation

Human body Short AK Border of upper Border of middle
# mass (kg) RL and middle third  Half of a hip and lower third Long RL Gritti RL
1 60 0.665 0.970 1.612 2.260 2.464 2.920
2 70 0.708 1.065 1.814 2.570 2.808 3.340
3 80 0.752 1.160 2.016 2.880 3.152 3.760
4 90 0.796 1.255 2.218 3.190 3.496 4.180
5 100 0.840 1.350 2.420 3.500 3.840 4.603

RL = residual limb

Table 6.
Mass of above-knee prostheses for geriatric amputees, kg.

Level of amputation

Mass human Border of upper Border of middle
# body (kg) Short RL and middle third  Half of a hip and lower third Long RL Gritti RL
1 60 0.532 0.778 1.129 1.180 1.198 2.360
2 70 0.568 0.850 1.455 2.060 2.250 2.680
3 80 0.603 0.279 1.632 2.314 2.525 3.015
4 90 0.639 1.015 1.775 2.558 2.800 3.350
5 100 0.673 1.082 1.945 2.810 3.080 3.620

RL = residual limb

Table 7.
Dependence of a below-knee without thigh corset prosthesis mass on the amputation level and the human body mass (kg).

Level of amputation

Human body Border of upper Half of a Border of middle Pirogov
# mass (kg) Short BK RL  and middle third shank and lower third Long BK RL (Syme’s) RL
1 60 1.520 1.280 1.040 0.800 0.620 0.320
2 70 1.840 1.560 1.280 1.000 0.790 0.440
3 80 2.160 1.840 1.520 1.200 0.960 0.560
4 90 2.430 2.120 1.760 1.400 1.130 0.680
5 100 2.800 2.400 2.000 1.600 1.300 0.800

RL = residual limb
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Figure 8.

Mass-inertial characteristics of a complex chain shank ‘‘+ foot +

footwear”’ for BK prosthesis.

I=Pirogov stump; Il=long stump; HI=border of middle and lower
third of a shank; IV=half of a shank; V=border of middle and upper

third of a shank; Vl=short BK residual limb.

Table 8.
Mass of a complex chain.

Mass of a chain ‘‘shank +

#  Level of Amputation foot + footwear”’
1 Short above-knee RLL 0.44
2 Border of upper and middle 0.95

third of a hip

3 Half of a hip 2.02
4 Border of middle and lower 3.10

third of a hip

5 Long above-knee RL 3.44
6  Gritti RL or knee 4.20

disarticulation

7 Short below-knee RL 3.30
8  Border of upper and middle 2.90

third of a shank

9  Half of a shank 2.60

10 Border of middle and lower 2.10

third of a shank

11 Long below-knee RL 1.80

12 Pirogov (Syme’s) RL 1.30

RL = residual limb
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An above-knee prosthesis with a system of energy recovery:
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Abstract—Knee flexion to 24° during early stance trans-
forms kinetic energy into potential energy of a total center of
mass (TCM) position. Flexion is controlled by the musculo-
ligamentous apparatus. Reproduction of such flexion in a new
single-axis prosthesis knee unit has minimized the metabolic
energy cost to the patient by a more favorable use of gravity
acting upon the prosthetic segments and the body as well as
of inertia. Potential energy is stored in the spring shock
absorber of the knee unit. The coefficient of energy recovery
increased by 30% in comparison with a conventional
above-knee prosthesis. Energy costs to the patient decrease an
average of 35% during gait with the new prosthesis. The
same amount of unloading during walking is typical of an
intact limb. The knee unit mechanism has a link set on the
axle, thus providing two joints with a common axis: a) the
main joint for knee flexion to 70° during swing phase and
flexion to 135° during sitting; b) the second joint for bending
at the beginning of stance phase. Compared with conventional
units, gait with the new unit displays several functional
advantages: 1) normal knee kinematics with movement of a
TCM along a trajectory that contributes to an easy rollover of
the foot and smooth and continuous translation of the body;
2) shock absorption during early stance prevents impact from
the anterior brim of the socket; 3) at mid-stance, the increase
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of the TCM position accumulates potential energy that results
in a significant increase of the push-off force; 4) during rapid
gait, the unit provides adequate resistance to knee flexion; 5)
location of the joint axis in front of the line of gravity loads
the prosthesis in standing, making possible unimpeded
carrying of the prosthesis over the support, the lengths of the
prosthetic and the intact limb being equal; in addition, it
facilitates flexion before the beginning of the swing phase.
Production of the units began in 1992.

Key words: above-knee prosthesis, energy, gait kinematics
and dynamics, resilient bending knee unit.

INTRODUCTION

Walking is a very complex act involving almost
the entire musculoskeletal system and demanding very
fine coordination of movements at a subconscious,
automatic level.

At optimum speed, walking is highly efficient,
requiring relatively negligible energy consumption. The
walker makes maximum use of non-metabolic forces:
gravity acting on each limb segment and on the body as
a whole, inertia of the body parts, and the force of
extended muscles working passively as viscoelastic
elements capable of transforming potential energy into
kinetic energy. The interaction of these forces occurs
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during walking in an almost continuous transformation
of one kind of energy into another.

Prosthetic management after above-knee (AK)
amputation is not totally satisfactory. Most knee units
lack spring-loaded bending (yielding) at heel contact
and have their axis posterior to the line of the prosthesis
loading.

These shortcomings result in 1) rigid gait, 2)
impact to the pelvis at every step, 3) abnormal
kinematics, 4) high energy consumption, 5) difficulty in
increasing velocity, and 6) an increase of prosthetic
functional length that occasionally causes the prosthetist
to manufacture the prosthesis shorter than the intact leg.

To eradicate these shortcomings, we have devel-
oped a knee unit equipped with a spring-loaded bending
mechanism that acts at the moment of heel contact.
With the subsequent transition from bending (i.e.,
complete knee extension), the knee joint axis shifts in
front of the line of gravity.

At heel contact, the kinetic energy of the body is
partially transformed into potential energy stored in the
compression spring of the shock absorber. Afterward
(during transition from yielding), this energy is trans-
formed, as a result of some rise of the total center of
mass (TCM) and then, during the rollover, into kinetic
energy of a translational body motion. Thus, energy
efficiency is achieved during stance phase when about
80 percent of the energy required for the walking is
consumed.

Within a prosthetic limb, potential energy exists in
resilient shock absorbers, such as helical compression
springs. Nevertheless, conventional knee units lack a
means of reproducing continuous energy recovery in
walking and do not transform kinetic energy into
effective potential energy.

The theoretical aspects of our development are
based on the work of Bemstein (1-3), Cavagna (4-6),
Wagner and Catranis (7), Elftman (8), Bresler, et al. (9),
Zatsiorsky (10), Bogomolov (11), and Berbyuk (12).

The necessity of emulating normal gait in AK
prosthesis gait biodynamics has been considered by
many authors, especially regarding the introduction of a
specific mechanism into the prosthesis to allow resilient
bending at the beginning of heel contact. Appropriate
decisions have been presented in the patent of Judge
(13), the papers of Judge and Fisher (14), Fisher and
Judge (15), Van de Veen, et al. (16), and the
construction of the Blatchford Stabilised Knee (17). The
main disadvantage of above-mentioned constructions is
that the main flexion at the resilient flexion-extension

phase is stopped under the body weight action. Using
such a principle for the unit design, it is impossible to
reproduce normal biodynamics of gait and provide the
transformation of kinetic energy into potential energy
and vice versa.

Despite a number of reasonable ideas and original
constructive decisions, an AK bouncy knee prosthesis
has not been introduced into wide practice. We suppose
that this may be explained by a number of shortcomings
of the construction: the “‘locking’’ of the knee under
body-weight action of the Judge knee (13) results in
delay of the flexion at the knee joint; the construction
proposed by Fisher and Judge (15) is not reliable as a
result of using a rubber bushing on the axle, which
cannot provide the durability required. Also, an undesir-
able temporal interval is observed in that design
between the moment of finishing the bending and the
moment of beginning the flexion before the prosthesis
swings over support. Furthermore, the time of bending
and the time of exit from the bending are equal, which
does not correlate with normal gait biomechanics. In our
design, the main flexion and resilient bending are
provided in relation to a common axle that makes
greater compactness possible. The multiaxial knee unit
of Van de Veen, et al. (16) does not guarantee reliable
resistance to bending; the construction of the Blatchford
Stabilised Knee (17) does not provide a sufficient angle
of bending and is extremely expensive.

The purpose of our new prosthetic development
was to approximate the action of the anatomic knee as
far as possible, so that gait with an AK prosthesis would
resemble normal gait. Work on the creation of such a
prosthesis began at the Central Research Institute of
Prosthetics and Prosthesis Design (CRIP) in 1984 and
for 2 years was directed toward working out clinico-
physiological and biomechanical concepts; after that,
CRIP started the development of the first models and
tests on the patients.

In the first model (18), an axis of the main joint
and an axis of an additional joint were located in
different places in the unit, and a cable, attached to the
heel, was used to control the opening of the main joint
lock.

In the second model (19), both joints were placed
on a common axle, and a knee shock absorber, made
with a helical compression spring, placed in the shin
tube.

In the third model (20), the helical spring was
placed in the lower frame of the knee unit under the
knee axle.
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In the fourth model (21), a pad placed on the
anterior wall of the distal section of the thigh socket and
connected by a cable with the lock mechanism was used
to control the knee lock opening. The pad is constructed
so that the prosthesis socket suction suspension is not
damaged.

In the last, fifth model (22), the knee unit (Figure
1) has no pad. To open the lock, a small displacement
of the thigh in relation to the knee is used at the
beginning of the flexion of the residual limb. This is
achieved by means of two additional moving links
connecting the middle and the upper frames of the knee
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Figure 1.

New knee unit. Principal constructive scheme of the 5th model: #1, a
fixative element; #2, a middle knee module frame; #3, an upper knee
module frame; #4, an intermediate link; #5, a recuperative spring;
#6, a common axle; #7, a lower knee module frame; #8, a knee
shock absorber; #9, a crank; #10, a rocking lever; #11, an eccentric;
#12, a driver; #13, a safety spring; #14, a resilient spacer; A, a
stopper.

FARBER and JACOBSON: A New AK Prosthetic Knee Unit

unit. Thus, the control mechanism of the lock and all
the other knee elements are placed inside the knee
module. We began to supply patients with this pros-
thetic construction at the end of 1992. At present, eight
patients successfully use such prostheses. We are to
begin serial production sometime in 1995.

METHODS

Function of the new knee unit was compared with
that of single axis and 4-bar linkage units and with
normal gait. The new knee unit is spring-loaded with a
controllable single axis knee module of double action.
The AK prosthesis with the new knee mechanism
(Figure 1) works as follows. In the initial position
(standing) and while the prosthetic heel is stepping on a
support, a fixative element, #1, of the knee module
keeps the main knee joint stationary; that is, between
the middle knee frame, #2, (connected to the upper
frame, #3, and the thigh socket by a 4-bar linkage
mechanism), and an intermediate link, #4. This is
because the fixative element, #1, is pressed against
stopper A of the intermediate link, #4, thus securing the
position with the help of a recuperative spring, #5.
While the heel is on the support, cushioned 17°
flexion-extension of the knee occurs at the second knee
joint relative to a common axle, #6, that is, between the
intermediate link, #4, and a lower frame, #7, of the knee
module which is connected to the shin.

The potential energy stored at the knee shock
absorber, #8, is used during the next stance phase for
knee extension, and it further contributes to increase the
push-off force from support. During the following
rollover of the toe section of the foot, when the line of
gravity loading the prosthesis is located in front of the
knee joint axis and the residual limb begins flexion
relative to the hip joint with a simultaneous heel
push-off from support, pressure by the distal residual
limb section on the anterior wall of the thigh socket
turns a crank, #9, and a rocking lever, #10, of the
hinged 4-bar linkage mechanism. As a result of said
turn, the rocking lever, #10, pressurizes by means of the
eccentric, #11, the driver, #12, which, through a safety
spring, #13, brings pressure upon a pivoting lever of the
fixative element, #1, providing disengagement of the
main joint; after that, the flexion of the main joint
begins, doing so before the swing of the prosthesis over
the support. This corresponds to normal gait biomechan-
ics.
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An essential condition of the main joint disengage-
ment is the transition of the line of the gravity action
loading the prosthesis anterior to the axis, #6, of the
knee module. In this case the fixative element, #1, is
freed from the force of friction between it and stopper A
by its protuberance, bringing pressure upon the stopper.
The force of the relatively weak recuperative spring, #5,
is easily coped with while bringing pressure by the
eccentric, #11, upon the driver, #12. The safety spring,
#13, more powerful than the recuperative spring, #5,
does not impede the compression of the latter. In the
case when the line of gravity action loading the
prosthesis passes backward from the axis, #6, a
summary force of the recuperative spring, #5, and the
force of friction between the stopper A and fixative
element, #1, exceeds the force of the safety spring, #13.
Consequently, the safety spring, #13, will begin to act,
and the main knee joint will not disengage. To eliminate
knocking during the completion of the extension and the
lowering of the fixative element, #1, a resilient spacer,
#14, has been placed under the action of the spring, #5,
in the recess of the intermediate link, #4.

Temporal, kinematic, and dynamic characteristics
of gait were recorded with an IBM PC/AT with a 80286
processor and a coprocessor, by the method developed
at the CRIP (23).

Loads on the prosthetic and on the intact limbs
were recorded, including three components of ground
reactions for each limb and angles at each ankle, knee,
and hip. Electromyograms were recorded of subjects
walking with different kinds of AK prostheses, using
the methods previously reported (24,25).

To compare energy expenditures of subjects using
various prostheses, we used indirect calorimetry with a
gas analyzer to determine oxygen consumption and
carbon dioxide excretion (26).

Prosthetic performance was also examined by
comparing optimum and maximum gait velocity. To
determine an optimum range of the gait, achievement of
an anaerobic threshold in the residual limb was used,
with Dopplerography (27). Maximal gait velocity was
defined as the achievement of a threshold of
lactoacidosis decompensation (28).

Comparative investigations were carried out at the
CRIP on nondisabled males (n=36; aged 18 to 60 years)
and on males (n=16, aged 18 to 65 years) with
unilateral AK amputation on the level of the middle
third, on the border of the upper and middle third, and
on the border of the middle and lower third (the femur
residual limb length was not shorter than 7 cm; the

shortening from the knee condyles not less than 8 cm).
Each of these patients used a prosthesis with a uniaxial
knee joint. Additionally, six patients in the same age
range were studied who used an AK prosthesis with a
4-bar linkage mechanism.

Gait on a prosthesis equipped with the new knee
unit was studied on 32 patients aged 17 to 82 years; 6
patients from this total number were studied in detail.
Of the whole group, 60 percent had an amputation
because of trauma, the rest because of vascular and
oncological diseases. The time interval between amputa-
tion and primary prosthetic fitting with the experimental
prosthesis was from 6 months to 52 years. Previously,
the majority of the patients had used prostheses with
uniaxial knee units; three had used the 4-bar linkage.

All six patients studied in detail were fitted with
new AK prostheses with a 4-bar linkage mechanism.

The principal distinctions between a uniaxial knee
module of double action and a conventional uniaxial
knee unit are:

1. an additional joint, placed on the same axle with
the main joint, has been introduced for spring-
loaded bending;

2. the axle has been advanced 510 mm in relation to
the prosthesis weightbearing line, in comparison
with 10-20 mm backward shift in AK prostheses
with the conventional uniaxial joint;

3. in the extended position, the knee module has a
setup for 7° flexion;

4. an alternate mode of the main joint operation is
provided: a) fixation at heel contact and in
standing on the prosthesis; b) disengagement at
toe-off and during swing-phase of the prosthesis;

5. a powerful knee shock absorber has been intro-
duced, accumulating potential energy in the first
half of the stance phase.

The distinctions between our knee module of
double action and the 4-bar linkage knee mechanism are
practically the same; the difference is that in the 4-bar
linkage knee mechanism a rotation axis is displaced
forward during flexion, making the swing-phase of the
prosthesis easier as the lengths of prosthetic and intact
limbs are equal.

RESULTS

The new unit was tested on the subjects (29-31).
As a result of 10 years of research, the single-axis,
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double action knee unit has been created at the CRIP
providing free flexion of 130° for sitting and 60-70°
flexion during the swing of the prosthesis, and provid-
ing spring-loaded yielding in the first half of a stance
period of the step: it is possible to adjust the yielding
angle from 5 to 18°, with a subsequent extension.

This doubie action is achieved by means of an
intermediate link set on the knee joint axis. The knee
unit has two independent joints (the dominant, that
provides flexion, and the additional, that provides the
spring-loaded bending) with a common rotation axis
located in front of the gravity line. Resistance to
bending at the phase of spring-loaded bending is
provided by an automatic lock.

Following the spring-loaded bending, which takes
place at the beginning of support on the prosthesis, the
leg is straightened due to the action of a rather powerful
spring shock absorber. Potential energy is accumulated
during the bending phase and is used at the transition
from bending. The latter also contributes to the inertia
of the moving body.

At the final phase of rollover, the knee is locked by
hip flexion when the line of gravity is anterior to the
knee axis. In this way, a double guarantee of the
prosthesis resistance to bending is achieved.

Figure 2 shows the averaged graphs of temporal,
kinematic, and dynamic parameter changes during the
cycle of a stride with the new knee unit.

For comparison, graphs are presented in Figure 3
to show walking on a conventional uniaxial knee unit
(30).

The same graphs illustrating normal gait are
presented in Figure 4 (32, 23).

From the data analysis, it is evident that the AK
prosthesis equipped with a spring-loaded bending pro-
vides a more symmetrical pattern of gait and more
reliable dynamic stability than does a traditional pros-
thesis. It may be verified by normalization of a 7
displacement value (Figure 2) of the moment of an
intact leg stepping on support in relation to the moment
of the foot-flat stance of the prosthesis.

The maximal average of the bending angle is 11°
on the prosthetic side and 19° on the sound side. The
flexion angles are practically equal and comprise 74°.
At the same time, there is symmetry in walking on a
uniaxial knee joint AK prosthesis: the flexion angles are
63° on the prosthetic side and 75° on the sound side.

In walking on a prosthesis with a uniaxial knee
unit, extension on the prosthetic side ends at heel
contact. In walking on the experimental prosthesis, this

FARBER and JACOBSON: A New AK Prosthetic Knee Unit

Degreps Prosthetic Mtoct
Limk AT Limé
/M'leﬂj 3 s
70 -
Qegrees\ o L TING L1 m\;/m
KJ B B /‘/J
Knee 5o} I
40 1+ -
3o |- -
20+ -
]egzee;'o’. P Lo Ll 1
Hlp niog | '
””//a”jnl ] - bl | L4 j 1 1/
7 50 - V n
bbb L] L4 J__L Ll 1t
v T
p‘ R I//N (1 /\l
- 100 +
R. o~ M L {'\x Ly P
ZGa L v
Force yo0}
200,
(IO O N | ; . | LI
/o: 779 230
73 F—i-a‘—q——w 3/6
et — =
470

Figure 2.
Change of temporal, kinematic, and dynamic parameters during a
stride with the new knee unit.

does not happen; extension is completed in the same
way on the prosthetic and on the intact limbs. With the
experimental prosthesis, hip kinematics on the pros-
thetic and intact sides have more approximation to the
norm; especially on the intact side. The approximation
to the norm may be judged by the presence of a
horizontal plateau during the rollover of the heel, by the
smooth character of the extension.

Analysis of the ground reaction vertical component
shows extreme time asymmetry; nevertheless, amplitude
asymmetry is less and comprises, respectively, for the
prosthetic and the intact sides the following values (in
percentages of body weight):

Heel Strike 103 106
Minimum 84 86
Toe-off 104 107

Significant normalization of toe-off force on the
prosthetic side along a longitudinal component of a
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Change of parameters during a stride with a standard uniaxial knee
unit.

ground reaction provides efficiency. The following
longitudinal vectors (R,) of the ground reaction for the
prosthetic and the intact sides (in percentages of body
weight):

Heel Strike 6.2 23
Toe-off 13.5 18

Biomechanical studies of the gait on the new AK
prosthesis prove its high functional properties, in
particular, as follows:

1. the kinematics of a natural knee at the stance and
swing phases are reproduced almost totally;

2. the summary impulses of the push-off force from
the support (a longitudinal component of a ground
reaction) on the prosthetic and on the sound sides
are almost equal;

3.  there is no ‘‘braking’’ of the step on the prosthe-
sis;
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Change of parameters during a stride in normal walk,

Forcet

4.  prosthetic knee flexion begins at the appropriate
time before the swing (just following heel-off);

5. the time from the beginning of toe-off until
contralateral heel contact (1) is practically equal
for the prosthetic and the intact limbs and com-
prises approximately 5.8 percent of the stride time
(T);

6. the time from the beginning of toe-off until
contralateral heel contact is practically equal to
zero for the conventional prosthesis and the sound
leg (in the norm 7=8.7 percent of T);

7.  the time of double support at the end of prosthetic
toe-off comprises 14.4 percent of T; in conven-
tional AK prostheses it is 15 percent of T; in the
normal leg, it is 11.7 percent; in this way, the time
of double support is decreased by 17 percent in
comparison with a conventional prosthesis;

8. symmetry of motion is increased significantly and
the gait pattern is improved;

9.  the variability of kinematic and dynamic indexes is
decreased.



343

Preliminary electromyographic studies of muscles
on the sound leg showed substantial lowering of their
activity with the new unit in comparison with the
conventional knee units. Consequently, the new unit is
associated with a decrease of exertion in the intact leg.
The average amplitude of electrical activity during the
stride decreased by 43 percent. The reduction of activity
in the medial gastrocnemius (by 68 percent) as well as
in rectus femoris (by 74 percent) and biceps femoris (by
49 percent) was especially significant.

At the same time, activity of thigh muscles on the
amputated side increased an average of 45 percent,
especially in the biceps. Such activity is advantageous
inasmuch as it prevents atrophy of the muscles of the
residual limb and sustains their function.

Comparative studies on five patients of the gait
energy costs by the method of an indirect calorimetry
on the 4-bar link module AK prostheses (without knee
bending) and on the double-action spring-loaded knee
AK prostheses (with knee bending) showed that the
energy costs in walking on an AK prosthesis equipped
with knee bending are reduced on average by 35 percent
(from 25 to 45 percent in various patients) in compari-
son with the gait on the AK prosthesis without knee
bending.

The comparison of the same prostheses (in 2
patients) by the criteria of an optimum and maximum
gait velocity showed:

1. the optimum gait velocity on the prosthesis
without knee bending coincided with the speed
maximally allowable (1.7 km/hr) and on the
prosthesis with the knee bending the maximum
gait velocity exceeded 4 km/hr;

2. maximal gait velocity on the prosthesis without
knee bending induced signs of myocardial
ischemia on electrocardiograms; walking with the
same velocities on the prosthesis equipped with
the knee bending has not resulted in myocardial
ischemia.

This way, the results of studies carried out by
various methods, as well as the results of field tests on
32 patients and their subjective feelings, demonstrate a
number of advantages in the AK prosthesis equipped
with a knee unit of double action and, in particular,
verify the sufficient reduction of energy costs to the
patient during walking on this prosthesis in comparison
with walking on modern AK prostheses without a
spring-loaded bending mechanism.

FARBER and JACOBSON: A New AK Prosthetic Knee Unit

A detailed explanation of this phenomenon may be
given by means of the analysis of the stride during each
phase of action in walking on the prosthesis with the
knee bending:

1. there is no need for a patient to waste energy in
order to provide stability at heel contact, since this
is achieved by locking the dominant knee joint at
this phase;

2.  bending at the knee contributes to the transition
from support on the heel to foot-flat that makes
rollover easier and also contributes to energy
conservation;

3. accumulation of potential energy in a spring shock
absorber and its subsequent use reduces the
demand on muscular sources;

4. aTCM rise in mid-stance is of less value and takes
place with partial use of the potential energy of the
spring inside the shock absorber of the knee
module;

5. the beginning of knee flexion before swing-phase
of the prosthesis does not require any effort,
inasmuch as at the moment of push-off, the knee
joint axis is located near the prosthesis loading line
(following push-off, the line of loading is dis-
placed forward);

6.  due to the location of the knee joint axis in front of
the line of loading (up to 10-15 mm when weight
bearing on the prosthesis) a longitudinal compo-
nent of ground reaction force at toe-off rises
significantly. This makes the translational dis-
placement of the body easier, makes it more
symmetrical, and unloads the intact limb;

7. due to the forward location of the knee joint axis,
more prompt extension of the shank together with
the foot is achieved when swinging the prosthesis
over the base of support, and as a result the thigh
residual limb may be flexed less sharply and exert
less of a flexion moment. The new knee unit is
presented in Figure 1 (the principal constructive
scheme of the fifth model). Figure 5 shows a
patient on the AK prosthesis with this new knee
unit.

The high functional properties of the dual action
knee unit, with its relatively simple construction and
acceptable assemblage provide the possibility for wide
introduction of AK prosthetic units equipped with this
module into the armamentarium of the prosthetist. This
may open a new era in the theory and practice of
rehabilitation of persons with AK amputation.
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Figure 5.
A patient on an AK prosthesis equipped with the new unit.

The subjective impressions of patients who re-
ceived the AK prosthesis with this knee unit and who
had experience with conventional uniaxial knee joints or
with 4-bar linkage mechanisms were, in all cases,
positive. Those who wore a prosthesis with a uniaxial
knee unit noted more smoothness and continuity of gait,
absence of impact to pelvic bones, an unimpeded
rollover, and a smoother swing of the prosthesis over

support. Those who had used the 4-bar linkage mecha-
nism had more stability and confidence while walking
on the new prosthesis and absence of impact when
stepping on support with the prosthesis. All the patients
noted that they did not feel as fatigued during 2 hours of
walking on the prosthesis. As the intact leg is unloaded,
the walk becomes more balanced.

DISCUSSION

To achieve sequential energy transformation
needed for economical gait, certain physiological condi-
tions are necessary. One of these conditions is a
spring-loaded bending (yielding) of the knee in early
stance and the transition from yielding (i.e., the almost
complete knee extension) which occurs at the end of the
foot-flat phase. The beginning of toe-off coincides with
the beginning of a subsequent knee flexion, which
continues during swing-phase.

The second important condition is the geometry of
motion at the knee joint. Most important is the location
of the area of migration of the instantaneous rotation
center of the hip in relation to the shank during
mid-stance. In the sagittal plane, this area is located
somewhere near the condyles of the femur. During
transition from knee yielding, migration results in 1015
mm rise of the body TCM so that potential energy of
the knee extension anterior group of muscles translates
into the potential energy of the TCM position of a
higher level. Near the femoral condyles is a middle knee
joint rotation center ranging from 0° to 65°, which
provides an unimpeded swing of the leg.

The new knee mechanism reproduces these normal
characteristics. A total mechanical energy is defined
from the correlation:

V2 2
E:EP+E“::EP-"‘-+mgh+m2 +J-2"3—
where E - total energy of the system
EP’ - potential energy of the system
E* - kinetic energy of the system

EP™~ potential energy of extended muscles,
in particular, in case of resilient com-
ponent

pm. _ CX o
EPm- — ER where ¢ — muscle rigidity,

X — muscle extension.

Taking into consideration the energy transition
from kinetic to potential and back, a coefficient of the
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energy recovery, K, is introduced (the system is

inconservative):
(AE® + AE®) — AE
K, = < 5 - 100%
AE™ + AE
where AE ~ the work required for the energy transi-

tion from one kind into another one;
AE¥ — an increment of kinetic energy during
the cycle;
AEF - an increment of potential energy during
the cycle.

If energy is not transformed AE*+AEF=AE and
K,=0; whenever complete energy of the link remains
constant AE=0 and K =1.

According to the data of Cavagna (4) and
Zatsiorsky (10), due to the body’s mechanical energy
conservation, its muscular sources exert 20-35 percent
of the energy required at every step. The rest of the
energy is saved step by step.

The range of the recovery coefficient change has
been studied in relation to its dependence on the gait
velocity (10). A given coefficient reaches its maximum
(up to 65 percent) at the range of gait velocities from 4
to 5 kmv/hr (Figure 6). At the same time, the decrease of
the coefficient of the energy recovery at velocities lower
than 4 km/hr may be attributed to redundancy of the
vertical work performed in comparison with the quan-
tity required for restoration of the longitudinal velocity
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Figure 6.
Coefficient of recovery of mechanical energy K, at different
velocities (V) of gait.

FARBER and JACOBSON: A New AK Prosthetic Knee Unit

losses. At velocities higher than 5 km/hr, this decrease
is explained by the lack of said vertical work. At small
and middle gait velocities (less than 4 km/hr), the
gravity action prevents the walk, and at the great speeds
that action contributes to it. That is why the necessity of
the energy recovery is reasonable, since it improves the
efficiency of the walk and as a result is expressed in the
increase of the coefficient of the energy recovery
(Figure 7).

In a normal knee (Figure 8), the force and the
moment increase or decrease the mechanical energy of
the thigh and shank simultaneously during only about
half a cycle time.

In an AK prosthesis equipped with the new unit,
the prosthetic knee bends ~18°, and the energy stored
in the spring shock absorber varies from 3 to 5 J. In
comparison, normal accumulation of energy during
TCM rise comprises 8 J on average, the work of the leg
during a stride is equal to 30 J, the metabolic energy
cost comprises 10 J (11), and the energy recovery
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Figure 7.

Change of kinetic, potential, and total mechanical energy of a trunk
at different velocities of gait: 1) kinetic energy: 2) total mechanical
energy; 3) potential energy.
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Figure 8.

Power exerted at the knee joint determined by the action of a control
moment Py, and the joint force Py at the cycle of a normal gait at
the velocity 2.13 m/s; solid line = P,,; dotted line = Pg.

coefficient comprises 0.69. With a conventional uniaxial
AK prosthesis, the energy recovery coefficient is 0.42
and with a hip disarticulation prosthesis it is only 0.21
(33).

During walking on the AK prosthesis equipped
with the new unit, the energy recovery coefficient
comprises ~0.55, proving its efficiency. These results
have been proved by mathematical modelling (12),
which confirms the results obtained with graphoanalyti-
cal calculations (34) as well as with an empiricotheoret-
ical approach (35).

The most specific property of this new unit is that
the axis lies anterior to the weight line; thus, increasing
the potential energy of the TCM position.

Both an experimental study and a theoretical
analysis prove expediency and efficiency of the work
direction chosen on the design of an anthropomorphous
AK prosthesis with an energy recovery system.

It should be noted that the fifth model of the
double action knee unit makes the prosthesis universal.
This is achieved because the knee unit can be brought
into any of the three different modes of its work by
means of the knob displacement:

® The first mode is the alternate one when disengage-
ment takes place when stepping on the toe and during
swing-phase, and fixation happens at heel contact and
during foot-flat stance;

® The second mode is the constant fixed position of the
main joint with simultaneous maintenance of spring-
loaded movability of the additional joint;

® The third mode is the constant position of the main
joint disengagement.

By addition of the simplest devices, the universal
prosthesis (being fitted with an appropriate dynamic
foot) may be used for the performance of a number of
sporting movements (running for health, skiing, cycling,
and so forth).

CONCLUSION

The tests of an AK prosthesis equipped with our
spring-loaded, double-action knee unit, carried out on
32 patients along with comparative biomechanical and
clinico-physiological studies have revealed significant
reductions of the energy costs of walking of from 20 to
45 percent in comparison with conventional AK pros-
theses with single-axis or 4-bar link knee joints.

At the same time, the following advantages of the
prosthesis with a double-action knee unit have been
revealed:

1. a normal knee goniogram is reproduced that
contributes to the rollover of the foot and provides
smooth and continuous translational body dis-
placements;

2.  there is no need to apply a flexion moment by the
residual thigh when weightbearing: this also con-
tributes to the reduction of fatigue in walking;

3. when weightbearing, the person with amputation
does not feel an impact to the pelvic bones and
spine, due to shock absorption of a ‘‘heel strike”’
on account of the spring-loaded flexion; at the
same time, the anterior brim of the socket is
unloaded, which contributes to the improved blood
circulation of the residual limb;

4.  since the knee joint axis is brought anterior to the
prosthesis weightbearing line, an unimpeded swing
of the prosthesis over support is achieved that
allows the prosthetist to make the prosthesis of
equal length with the intact leg;

5. areliable resistance to bending when the patient is
standing contributes to his or her confidence;

6. the push-off force from support is increased
sufficiently to unload the intact leg;

7. due to the anterior location of the knee joint axis,
the leg swing in extension is accelerated, making it
possible to accelerate the gait velocity.
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Awards
More than 10 new developments of the enterprise are decorated with medals and diplomas at International
exhibitions. The European Council authorities approval was received to label more than 60 modules

developed by OAO RSC Energia with the International certification mark.

For development and putting lower-limb products in prosthetics practice a group of leading specialists of
the Corporation and allied organizations was awarded the State Prize of the Russian Federation in 1999.
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Modules and units of the lower-limb prostheses for children

These modules and units are recommended for amputees with a one-sided or two-sided amputation and
mated with modules of a number of leading foreign companies.

In the modular system of prostheses all possible options of the lower-limb prosthesis arrangements are
given with regard to the patient mass and activity.

All modules are designed for children weighing up to 45 kg, except modules for which the child's mass is
limited to the value (in kg) indicated in brackets to the right of the module index.

Modular system
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These modules and units are recommended for amputees with a one-sided or two-sided amputation and
mated with modules of a number of leading foreign companies.

In the modular system of prostheses all possible options of the lower-limb prosthesis arrangements are
given with regard to the patient mass and activity.

All modules are designed for amputees weighing up to 100 kg, except modules for which the mass of
patients is limited to the value (in kg) indicated in brackets to the right of the module index.

Module system

All functional modules are subdivided in compliance with their purpose into three functional activity
classes with the corresponding conventional designations:

Modular system for adults:

All functional modules are subdivided in compliance with their purpose into three functional activity
classes with the corresponding conventional designations:
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Altshuller Institute TRIZCON2019 reward for the Best Practice
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Yka3s lNpesnageHTta Poccurickon ®eaepaumm
oT 27.09.1993 r. Ne 1494

O nNpucBoeHMN NOYETHOro 3BaHNA «3aCITy>KEHHbIN
nsobpetatenb Poccurckon degepauumm»

32 MHOT0JIETHIOIO IIJIOJOTBOPHYI0 H300peTaTe/IbCKYI0 AesiTeIbHOCTh NPHCBOUTH NOYEeTHOE
3BaHuUe

"3ACNY>KEHHbIN MU3OBEPETATENb POCCUNCKOW ®ELEPALINA-

DAPBEPY Bopucy CiiaBuHOBHYY - 3aMecTHTETI0 AupekTopa LleHTpaabHOro Hay4Ho-
HCeIe10BATeIbCKOr0 HHCTUTYTA NIPOTe3UPOBAHUS H IPOTE30CTPOeHMs, ropoa MockBa.

[lpesuneHT Poccuyickom Odemepauum B. EnbLMH

MockBa, Kpemin
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JlanbHelIMe AT B HANIPABJICHUU NpUMeHeHus u pa3sutusa TPU3
1.lanbHeiiee pa3BUTHE CAMOYCTAHABJIMBAIOIIMXCS NPOCTPAHCTBEHHBIX
MeXaHHU3MOB B buonn:xxenepun

2.0nucanue pador no TPU3y B sorucruxe.

3.Pazeutue TPU3 B buorexnonornu u ®apmakonoruu.
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JInnus 1. IloTeHuMMpoBaHNE U MPUMEHEHNE HOBBIX U YHUKAJIBHBIX CPEICTB IS
ono0penHsix FDA nekapcTBeHHBIX cpecTB (6 MPOEKTOB).

[TpoexT]: IlonuMuUKCHHBI U HEPPOIIPOTEKTOPHI ISl yMEHBLIEHUS
HE(PPOTOKCUYHOCTHU MOJTUMHUKCHHA.

2: MHOXeCTBeHHas JICKapCTBEHHAs yCToMUnBOCTh Oaktepuiit (MDR) u HoBas
napaaurma it 60ps0sl ¢ MDRHa ocHOBE MCTIOIB30BaHNE EHXAHCEPOB.
[TpoexT 3: IIpoTuBOTYOEPKYJIE3HBIE IIPENapaThl HA OCHOBE CTUMYJISITOPOB
3aBEPILIEHHOTO (aromuTo3a.

[TpoexT 4: dapmarieBTHUECKAsT KOMITO3ULMS [l aKTUBALIMK PEreHepanuu
TKaHEW IIyTeM CTUMYJMPOBAHUS POCTa AyTOJOTUYHBIX CTBOJIOBBIX KIIETOK,
MUTpauuu 1 1upGepeHIMPOBKU CTBOJIOBBIX KIIETOK.

IIpoext 5: buHapHOE KPOBOOCTaHABIMBAIOLLEE, HA OCHOBE
CaMOOPTaHU3YIOIUXCS MOIUGUIIMPOBAHHBIX M1OJIMCAXAPUIIOB U
CaMOpacCTBOPEHHS WX B paHe 0e3 Bpeaa JUIst OKPY KAIOIINX TKAaHEH.

ITpoexT 6: HoBBII 01X0/1 MCIOIb30BaHUS MET(HOPMUHA C YMEHbIIIEHHBIMU
n000YHBIMH 3(h(hEeKTaMH B OTHOIIEHUH KETYJOYHO-KUIIEYHOTO TPAKTA.

Jlunus 2. Co3znanue HOBOTO MOKOJICHUS JIEKAPCTBEHHBIX CPEJICTB C
JUHAMUYECKUMHU CTPYKTypaMH (IMHaAMUYECKUMU MpenapaTaMu) Ha OCHOBE
paspemennbix FDA npenapatos. (4 IIpoekToB)

ITpoekr 1. CtpaTerus npoTUBOPAKOBBIX CPENCTB HA OCHOBE
camoopranusytouieiics raprernoit PHK (TPHK).

ITpoekr 2. CtpaTterus pa3Butus AMHaMH4uecKoro IIpotuBoBupycHOro mpemnapar
Ha OCHOBE CAMOOPTIaHU3YIOIINUXCS MOAU(PUIIUPOBAHHBIX TENTH]IOB.
ITpoekr 3. Ctparerus pazButus JJMHAMUUYECKUX BaKIMH Ha OCHOBE
CaMOOPraHU3YIOUINXCS MOIU(DUIIMPOBAHHBIX MENTH/IOB.

ITpoekr 4. luHaMU4eCKU HHCYJIMH HA OCHOBE CAMOOPTaHU3YOLUXCS
MO (PUIIMPOBAHHBIX ENTHIOB.

JInnmsa 3. HoBblil 1arHoCTHYECKUI MOAXO0A Ul pAHHETO BBISBJICHUS paka u
paHHEro MPOTHO3UPOBAHUS aTEPOCKIIEPO3a U OTO OCIOKHEHU.
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