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    Předmluva


    Je mi ctí, že jsem byl požádán, abych napsal předmluvu kučebnici, která má pro vzdělání lékaře význam naprosto zásadní. Moje pocity jsou přitom smíšené, protože mé neznalosti současné fyziky abiofyziky jsou hluboké. Na druhé straně jsou má úcta iobdiv ktomuto oboru upřímné anesmírné ato bych se chtěl pokusit vyjádřit.


    Je nutné, aby se lékař seznámil od základu se vznikem avlastnostmi živé hmoty, poznal základní funkce živého organismu ipodstatu azpůsoby kvantifikace normálních apatologických dějů. To mu teprve dovolí dospět koptimálním závěrům léčebným.


    Nad tímto malým světem biofyziky vmedicínské aplikaci se klene smělá kopule fyziky zpohledu sociologie. Zde sehrává fyzika roli Prométhea, který dal lidstvu první energii pro přežití akterý ho naučí vbudoucnu obrovské množství energie nejen najednou uvolňovat, jak to již lidé dovedou, ale také střádat auvolňovat ji podle potřeby. Fyzika abiofyzika jsou patrně jedinou nadějí lidstva na přežití za podmínek, které ho vdalším vývoji Země avesmíru čekají.


    Dovolte mi nyní dotknout se mých konkrétních zkušeností zoblasti medicínské fyziky, která je jistě součástí biofyziky, ai když třeba malou, tak rozhodně ne nevýznamnou. Již základní metody klinického vyšetřování jsou založeny na fyzikálních principech. Mám na mysli perkusi (poklep), auskultaci (poslech) ajejí zdokonalenou podobu fonokardiografii, elektrokardiografii adalší.


    Oto více se fyzika abiofyzika zasloužily orozvoj mé vlastní disciplíny – diagnostického zobrazování. Podrobily si zde mnoho druhů vlnění: ultrazvukové, paprsky X, magnetické, radiofrekvenční, infračervené, laser adalší, adovedly je kdokonalému zobrazení anatomických poměrů ifyziologických apatofyziologických dynamických dějů. Nejde jen oděje mechanické, ale také opochody fyzikálně chemické abiochemické, jako je spektroskopie voblasti zájmu vživém organismu.


    Na příkladu moderní kardiologie lze názorně ukázat, co přinesla biofyzika diagnostice aléčbě chorob srdce. Ultrazvuk dokáže zobrazit detailní anatomii srdce vpohybu jednotlivých struktur, spomocí Dopplerova jevu dovede nepřímo změřit tlakový spád mezi dutinami navzájem amezi dutinami avelkými cévami atak kvantifikovat například závažnost zúžení aortální chlopně. Proudění cévami je možné měřit elektro­magneticky nebo dopplerovským ultrazvukem, ale nejpřesnější metodou, která dovede neinvazivně vyšetřit akvantifikovat hemodynamické poměry, je magnetická rezonance. Katetrizace dovolí přímo změřit tlaky vjednotlivých oddílech azaznamenat je plynulou křivkou. Umožní současně odebrat vzorky krve ke stanovení jejího nasycení kyslíkem atím odhalit akvantifikovat zkraty. Indikátorové diluční křivky dovolí stanovit srdeční výdej akvantifikovat zkraty aregurgitace. Co se jen zde uplatní základních zákonů zoblasti hydrodynamiky, optiky, elektriky aelektroniky!


    Největší význam nukleární medicíny je dán tím, že je zatím vedoucí metodou vzobrazování biochemických aimunologických pochodů vživém organismu. Na tomto poli je velkým příslibem magnetická rezonance pro svou vyšší prostorovou rozlišovací schopnost.


    Prostorové zobrazování začalo fotografickou arentgenografickou stereografií astereoskopií. Dnes pokračuje 3D rekonstrukcí obrazu pomocí počítače. Základem pro tuto rekonstrukci jsou mnohovrstevná spirální vyšetření výpočetní tomografií nebo vyšetření magnetickou rezonancí.


    Tím výčet přínosu biofyziky vmoderní medicíně dnes nekončí. Nejde totiž jen oproces diagnostický, ale také oindikaci, tj. volbu optimálního způsobu léčby či prevence. Příkladem budiž intervenční radiologie, která vděčí za svůj vznik apokrok opět uplatnění fyzikálních zákonů. Dalším příkladem může být využití termální paměti některých slitin kovů (nitinol) kvytvoření nitrožilně zavedeného drátu, který se vlivem tělesné teploty změní vkomplikovanou pleteň vhorním úseku dolní duté žíly. Tato pleteň se stává účinným filtrem kzachycení trombotických embolů. Pleteň byla přetvarována za teploty blízké teplotě těla avyrovnána za chladu vrovný drát. Po návratu do teplého prostředí těla se její původně jí udělený tvar obnoví. Na postupu je též aplikace fyzikálních pochodů vlokální léčbě: léčivem potažené cévní výztuže (steny), ničení nádorových ložisek ultrazvukem, radiofrekvencí, laserem, kryoterapií ajinými fyzikálními metodami. Způsob zavádění katétrů je sice dnes již velmi dokonalý, ale bude ještě obohacen možností jejich magnetické navigace. Tato nikoliv nová myšlenka došla plné realizace až po vyvinutí nových, plochých zesilovačů, kterým nehrozí nebezpečí poškození silným magnetismem.


    Dost ale svděkuplným uváděním příkladů významu biofyziky pro medicínu ajejí další vývoj. Ten se totiž rýsuje zcela zřetelně atak je nutno si uvědomit, co musí dnešní student medicíny amladý lékař obsáhnout, aby tyto vývojové trendy včas zachytil amohl pomoci posunout hranice našeho medicínského vědění aumění do dalších oblastí. Dnes půjde především ořešení problémů metabolických, onkologických, virologických agenetických, zítra jistě ořadu dalších. Bude nutné studovat vedle vlastních klinických oborů především fyziku, biofyziku, chemii, biochemii, imunologii agenetiku. Jedním zinformačních zdrojů se jistě stane itato učebnice.


    Hradec Králové, 1. září 2005


    prof. MUDr. Leo Steinhart, DrSc.

    profesor radiologie,

    dlouholetý přednosta radiologické kliniky FN akatedry radiologie LF UK,

    dlouholetý proděkan této fakulty, čestný člen její Vědecké rady

    aemeritní profesor LF UK vHradci Králové

    ačestný člen Evropské společnosti pro radiační kardiologii

  


  
    Předmluva ke 2. vydání


    Každý autorský kolektiv potěší, pokud jej nakladatel osloví sprosbou odalší vydání jeho díla. Výjimkou není ani „Medicínská biofyzika“, která navázala vroce 2005 na předcházející „Lékařskou biofyziku“ a„Biofyziku vmedicíně“. Od té doby uběhlo skoro 14 let, což je vmedicíně dlouhá doba, proto inové vydání, které je čtenáři předkládáno, je vmnoha částech inovováno. Zařadili jsme inové, tematicky aktuální kapitoly.


    Základ autorského kolektivu se za ty dlouhé roky nezměnil. Někteří naši spolupracovníci nás navždy opustili, ale je sympatické, že se autorský kolektiv omladil. Jsme si jisti, že tito kolegové převezmou štafetu abudou pokračovat vtradici přinášet čtenáři nejaktuálnější poznatky zbiofyziky týkající se medicíny.


    Předložený text je určen lékařům, specialistům ve zdravotnictví, posluchačům lékařských fakult ivšech zdravotnických oborů aurčitě své čtenáře najde mezi posluchači oborů biomedicínská technika, management zdravotnictví nebo zdravotnická informatika.


    Vposledním vydání napsal předmluvu vynikající radiolog prof. MUDr. Leo Steinhart, DrSc. (1924–2015). Jsme přesvědčeni, že jeho slova jsou stále platná aproto ji otiskujeme iv novém vydání.


    Poděkování celého autorského kolektivu patří oponentovi. Jeho kritické pohledy pomohly kvýraznému zkvalitnění aaktualizaci textu učebnice. Abylo by chybou ne­ocenit pomoc všech pracovníků zdravotnické redakce nakladatelství Grada Publishing.


    prosinec 2018


    prof. MUDr. Leoš Navrátil, CSc., MBA, dr. h. c.

    aprof. MUDr. Jozef Rosina, Ph.D., MBA

  


  
    1Stavba hmoty, molekulová biofyzika


    Robert Bajgar, Hana Kolářová


    1.1Stavba hmoty


    Zfyzikálního hlediska se dnes díváme na náš svět jako na hmotu, která je utvářena elementárními částicemi ajejich vzájemnými interakcemi. Podle velikostí amíry dosahu působení rozlišujeme čtyři základní interakce: silnou, elektromagnetickou, slabou agravitační, přičemž se předpokládá, že každá znich je navíc zastoupena vlastními elementárními částicemi. Hmotu lze tedy vnímat jako soubor elementárních částic vytvářejících danou látku ajejich vzájemné interakce popisované často jako silová pole.


    Silné interakce se uplatňují mezi nukleony vjádrech atomů, kdy na vzdálenost řádově 10–15 m jsou schopny překonat ielektrostatické působení mezi protony azajistit tak jejich soudržnost. Elementární částice, které vytvářejí tyto jaderné síly, byly nazvány gluony.


    Elektromagnetické interakce nabývají na významu za oblastí atomových jader. Podílejí se například na vytváření struktury atomů, molekul atvorbě elektromagnetického záření. Polní částicí je zde foton.


    Velikost gravitační interakce, podobně jako je tomu upředchozí elektromagnetické, klesá se čtvercem vzdálenosti. Vpřípadě velmi hmotných objektů může působit ina obrovské vzdálenosti. Gravitační síly jsou známé svojí účastí na procesech spojených sutvářením vesmíru. Za zprostředkovatele této interakce se považuje hypotetický graviton.


    Na druhé straně slabá interakce se významně projevuje vpřípadě velmi malých vzdáleností (10–16–10–17 m). Její velikost srostoucí vzdáleností však exponenciálně prudce klesá ave vzdálenosti odpovídající velikosti atomového jádra již dosahuje pouhé miliontiny velikosti silné interakce. Pomocí ní si vysvětlujeme například rozpad beta nebo slučování jader vodíku vdeuterium. Klíčovými prostředníky těchto jaderných přeměn jsou bosony W aZ. Jde oelementární částice relativně hmotné, neboť jejich hmotnostní ekvivalenty vtěchto reakcích odpovídají až 100násobku klidové hmotnosti protonu. Přičteme­-li ktomu jejich velmi krátké doby života (spoločasy asi 3·10–25 s), pak je patrné, že tyto interakce mohou dosáhnout svého maxima atedy ivýznamu pouze na velmi krátké vzdálenosti.


    Doposud bylo pojmenováno více než 300 elementárních částic, přičemž některé znich, jako jsou například proton aneutron, jsou utvářeny zještě menších elementárních částic, kvarků. Podle standardního modelu je každá látka utvářena z12 základních látkových částic, kvark nahoru (u, up), kvark dolů (d, down), kvark podivný (s, strange), kvark půvabný (c, charm), kvark svrchní (t, top, někdy označován jako pravdivý, truth), kvark spodní (b, bottom, někdy označován jako krásný, beauty), elektron (e), mion (μ), tauon (τ), elektronové neutrino (υe), mionové neutrino (υμ) atauonové neutrino (υτ) (tab. 1.1).


    Tab. 1.1 Přehled elementárních částic utvářejících hmotu podle standardního modelu. Různý odstín šedi znázorňuje rozdíl vklidových hmotnostech. Gluon, foton agraviton mají nulové klidové hmotnosti.


    [image: image]


    1.2Stavba atomu


    Atom je definován jako nejmenší složka látky, kterou lze pomocí chemických reakcí získat. Každý atom je tvořen zatomového jádra aelektronového obalu, který určuje jeho chemické vlastnosti. Atomovým jádrem nazýváme prostor, kde se vyskytují neutrony aprotony. Elektronový obal je pak prostorem elektronů, které jsou Coulombovými1 silami udržovány vkontaktu se svým kladně nabitým jádrem. Celkový počet neutronů aprotonů vatomovém jádře udává nukleonové číslo A, přičemž celkový počet protonů vyjadřujeme pomocí protonového čísla Z. Jako prvky pak označujeme všechny atomy, které mají shodná protonová čísla; jako nuklidy atomy, které vykazují shodu jak vprotonovém, tak iv nukleonovém čísle (izomerem nazýváme energeticky bohatší nuklid způsobený excitací nukleonů, radionuklidem pak nazýváme nuklid, jehož atomová jádra podléhají radioaktivní přeměně); jako izotopy atomy, které mají shodná protonová čísla, ale liší se vnukleonovém čísle (např. izotopy kyslíku [image: ]); jako izobary atomy, které mají shodná nukleonová čísla, ale liší se vprotonovém čísle (např.[image: ]) ajako izotony atomy, které mají shodný počet neutronů, ale liší se vpočtu protonů atedy inukleonů (např. [image: ]).


    1.2.1Atomové jádro


    Objev atomového jádra je přisuzován Rutherfordovi2, který vroce 1911 sledoval rozptyl kladně nabitých α částic na zlaté fólii (obr. 1.1). Na základě toho usoudil, že vmateriálu zlaté fólie se musí nacházet určité seskupení kladně nabitých částic, které díky odpudivým elektrickým silám způsobí vychýlení α částic způvodní dráhy letu. Aprotože navenek fólie nevykazovala žádný elektrický náboj, tak předpokládal iexistenci negativně nabitých částic, které nějakým způsobem jsou sdruženy stěmito kladnými centry akompenzují jejich kladný náboj. Ikdyž Rutherford vté době ještě nevyslovil pojem atomového jádra ajeho představa struktury atomu byla spíše podobná planetární soustavě scentrálně umístěnou hvězdou, tak jeho objev byl natolik významný, že jej nelze opomenout.


    [image: image]


    Obr. 1.1 Rutherfordův pokus


    Dnes považujeme atomové jádro za malou, relativně velmi hmotnou akladně nabitou centrální část atomu. Velikosti atomového jádra nabývají rozměrů 10–15–10–14 m, přičemž celková velikost atomu je až o5–6 řádů větší. Navzdory tomu hmotnost jádra je přibližně 1000krát větší než hmotnost jeho obalu. Sečteme­-li však hmotnosti volných protonů aneutronů aporovnáme­-li tuto hodnotu shmotností atomového jádra, které je tvořeno stejným počtem protonů aneutronů, pak hmotnost takového jádra bude menší otzv. hmotnostní úbytek. Jeho energetický ekvivalent pak přísluší energii, která byla uvolněna při vzniku takového jádra. Jinými slovy odpovídá energii, kterou by bylo nutné atomovému jádru dodat, aby se rozpadlo na jednotlivé nukleony. Hodnota této vazebné energie přepočtené na jeden nukleon je pak větší pro středně těžká atomová jádra, čehož lze využít při štěpení těžkých anebo slévání velmi lehkých jader. Chemicky je jádro nedělitelné alze jej dělit pouze jadernými procesy.


    1.2.2Elektronový obal


    Elektronový obal je vytvářen elektrony, které jsou vneustálém pohybu. Tento pohyb podléhá určitým fyzikálním zákonitostem. Každý elektron lze popsat jednoznačnou čtveřicí kvantových čísel, které jsou označovány jako hlavní, vedlejší, magnetické aspinové. Elektrony vyskytující se nejdále od jádra se nazývají valenční elektrony. Jsou rozhodující pro fyzikálně­-chemické vlastnosti atomu.


    1.3Stavba molekul


    Molekulu lze vnímat jako základní stavební jednotku každé látky, jež je schopná samostatné existence. Určuje základní chemické vlastnosti látky aje utvářena alespoň dvěma atomy, které jsou mezi sebou poutány chemickou vazbou. Při vzniku molekuly dochází kpřekryvu atomových orbitalů za vzniku molekulových orbitalů, jež je doprovázeno uvolněním energie. Tato energie je stejně velká jako energie, která je potřebná na rozštěpení chemické vazby anazývá se vazební energií nebo disociační energií vazby. Typ vazby pak určuje, zda látka vykazuje vlastnosti kovu, keramiky nebo polymeru azda je elektricky vodivá, propustná pro světlo nebo magnetická.


    1.3.1Druhy vazeb


    Chemické vazby ve všech látkách, které se vyskytují kolem nás, jsou utvářeny elektrickými silami. Vzávislosti na druhu atomů, které vazbu tvoří, rozdělujeme tři základní typy vazeb:


    1.kovová vazba, ve které se vazebné elektrony oddalují od mateřských jader atomů aionty takto vzniklé jsou vzájemně přitahovány kelektronovému oblaku vzniklé molekuly;


    2.kovalentní vazba, při které jsou atomy vzájemně přitahovány sdílením elektronů, které zaplňují jejich valenční slupky;


    3.iontová vazba, při které jeden nebo více elektronů se vzdalují od atomu kovu tak, aby zaplnily orbital nějakého nekovového atomu.
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                    GNU GENERAL PUBLIC LICENSE

                       Version 3, 29 June 2007



 Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>

 Everyone is permitted to copy and distribute verbatim copies

 of this license document, but changing it is not allowed.



                            Preamble



  The GNU General Public License is a free, copyleft license for

software and other kinds of works.



  The licenses for most software and other practical works are designed

to take away your freedom to share and change the works.  By contrast,

the GNU General Public License is intended to guarantee your freedom to

share and change all versions of a program--to make sure it remains free

software for all its users.  We, the Free Software Foundation, use the

GNU General Public License for most of our software; it applies also to

any other work released this way by its authors.  You can apply it to

your programs, too.



  When we speak of free software, we are referring to freedom, not

price.  Our General Public Licenses are designed to make sure that you

have the freedom to distribute copies of free software (and charge for

them if you wish), that you receive source code or can get it if you

want it, that you can change the software or use pieces of it in new

free programs, and that you know you can do these things.



  To protect your rights, we need to prevent others from denying you

these rights or asking you to surrender the rights.  Therefore, you have

certain responsibilities if you distribute copies of the software, or if

you modify it: responsibilities to respect the freedom of others.



  For example, if you distribute copies of such a program, whether

gratis or for a fee, you must pass on to the recipients the same

freedoms that you received.  You must make sure that they, too, receive

or can get the source code.  And you must show them these terms so they

know their rights.



  Developers that use the GNU GPL protect your rights with two steps:

(1) assert copyright on the software, and (2) offer you this License

giving you legal permission to copy, distribute and/or modify it.



  For the developers' and authors' protection, the GPL clearly explains

that there is no warranty for this free software.  For both users' and

authors' sake, the GPL requires that modified versions be marked as

changed, so that their problems will not be attributed erroneously to

authors of previous versions.



  Some devices are designed to deny users access to install or run

modified versions of the software inside them, although the manufacturer

can do so.  This is fundamentally incompatible with the aim of

protecting users' freedom to change the software.  The systematic

pattern of such abuse occurs in the area of products for individuals to

use, which is precisely where it is most unacceptable.  Therefore, we

have designed this version of the GPL to prohibit the practice for those

products.  If such problems arise substantially in other domains, we

stand ready to extend this provision to those domains in future versions

of the GPL, as needed to protect the freedom of users.



  Finally, every program is threatened constantly by software patents.

States should not allow patents to restrict development and use of

software on general-purpose computers, but in those that do, we wish to

avoid the special danger that patents applied to a free program could

make it effectively proprietary.  To prevent this, the GPL assures that

patents cannot be used to render the program non-free.



  The precise terms and conditions for copying, distribution and

modification follow.



                       TERMS AND CONDITIONS



  0. Definitions.



  "This License" refers to version 3 of the GNU General Public License.



  "Copyright" also means copyright-like laws that apply to other kinds of

works, such as semiconductor masks.



  "The Program" refers to any copyrightable work licensed under this

License.  Each licensee is addressed as "you".  "Licensees" and

"recipients" may be individuals or organizations.



  To "modify" a work means to copy from or adapt all or part of the work

in a fashion requiring copyright permission, other than the making of an

exact copy.  The resulting work is called a "modified version" of the

earlier work or a work "based on" the earlier work.



  A "covered work" means either the unmodified Program or a work based

on the Program.



  To "propagate" a work means to do anything with it that, without

permission, would make you directly or secondarily liable for

infringement under applicable copyright law, except executing it on a

computer or modifying a private copy.  Propagation includes copying,

distribution (with or without modification), making available to the

public, and in some countries other activities as well.



  To "convey" a work means any kind of propagation that enables other

parties to make or receive copies.  Mere interaction with a user through

a computer network, with no transfer of a copy, is not conveying.



  An interactive user interface displays "Appropriate Legal Notices"

to the extent that it includes a convenient and prominently visible

feature that (1) displays an appropriate copyright notice, and (2)

tells the user that there is no warranty for the work (except to the

extent that warranties are provided), that licensees may convey the

work under this License, and how to view a copy of this License.  If

the interface presents a list of user commands or options, such as a

menu, a prominent item in the list meets this criterion.



  1. Source Code.



  The "source code" for a work means the preferred form of the work

for making modifications to it.  "Object code" means any non-source

form of a work.



  A "Standard Interface" means an interface that either is an official

standard defined by a recognized standards body, or, in the case of

interfaces specified for a particular programming language, one that

is widely used among developers working in that language.



  The "System Libraries" of an executable work include anything, other

than the work as a whole, that (a) is included in the normal form of

packaging a Major Component, but which is not part of that Major

Component, and (b) serves only to enable use of the work with that

Major Component, or to implement a Standard Interface for which an

implementation is available to the public in source code form.  A

"Major Component", in this context, means a major essential component

(kernel, window system, and so on) of the specific operating system

(if any) on which the executable work runs, or a compiler used to

produce the work, or an object code interpreter used to run it.



  The "Corresponding Source" for a work in object code form means all

the source code needed to generate, install, and (for an executable

work) run the object code and to modify the work, including scripts to

control those activities.  However, it does not include the work's

System Libraries, or general-purpose tools or generally available free

programs which are used unmodified in performing those activities but

which are not part of the work.  For example, Corresponding Source

includes interface definition files associated with source files for

the work, and the source code for shared libraries and dynamically

linked subprograms that the work is specifically designed to require,

such as by intimate data communication or control flow between those

subprograms and other parts of the work.



  The Corresponding Source need not include anything that users

can regenerate automatically from other parts of the Corresponding

Source.



  The Corresponding Source for a work in source code form is that

same work.



  2. Basic Permissions.



  All rights granted under this License are granted for the term of

copyright on the Program, and are irrevocable provided the stated

conditions are met.  This License explicitly affirms your unlimited

permission to run the unmodified Program.  The output from running a

covered work is covered by this License only if the output, given its

content, constitutes a covered work.  This License acknowledges your

rights of fair use or other equivalent, as provided by copyright law.



  You may make, run and propagate covered works that you do not

convey, without conditions so long as your license otherwise remains

in force.  You may convey covered works to others for the sole purpose

of having them make modifications exclusively for you, or provide you

with facilities for running those works, provided that you comply with

the terms of this License in conveying all material for which you do

not control copyright.  Those thus making or running the covered works

for you must do so exclusively on your behalf, under your direction

and control, on terms that prohibit them from making any copies of

your copyrighted material outside their relationship with you.



  Conveying under any other circumstances is permitted solely under

the conditions stated below.  Sublicensing is not allowed; section 10

makes it unnecessary.



  3. Protecting Users' Legal Rights From Anti-Circumvention Law.



  No covered work shall be deemed part of an effective technological

measure under any applicable law fulfilling obligations under article

11 of the WIPO copyright treaty adopted on 20 December 1996, or

similar laws prohibiting or restricting circumvention of such

measures.



  When you convey a covered work, you waive any legal power to forbid

circumvention of technological measures to the extent such circumvention

is effected by exercising rights under this License with respect to

the covered work, and you disclaim any intention to limit operation or

modification of the work as a means of enforcing, against the work's

users, your or third parties' legal rights to forbid circumvention of

technological measures.



  4. Conveying Verbatim Copies.



  You may convey verbatim copies of the Program's source code as you

receive it, in any medium, provided that you conspicuously and

appropriately publish on each copy an appropriate copyright notice;

keep intact all notices stating that this License and any

non-permissive terms added in accord with section 7 apply to the code;

keep intact all notices of the absence of any warranty; and give all

recipients a copy of this License along with the Program.



  You may charge any price or no price for each copy that you convey,

and you may offer support or warranty protection for a fee.



  5. Conveying Modified Source Versions.



  You may convey a work based on the Program, or the modifications to

produce it from the Program, in the form of source code under the

terms of section 4, provided that you also meet all of these conditions:



    a) The work must carry prominent notices stating that you modified

    it, and giving a relevant date.



    b) The work must carry prominent notices stating that it is

    released under this License and any conditions added under section

    7.  This requirement modifies the requirement in section 4 to

    "keep intact all notices".



    c) You must license the entire work, as a whole, under this

    License to anyone who comes into possession of a copy.  This

    License will therefore apply, along with any applicable section 7

    additional terms, to the whole of the work, and all its parts,

    regardless of how they are packaged.  This License gives no

    permission to license the work in any other way, but it does not

    invalidate such permission if you have separately received it.



    d) If the work has interactive user interfaces, each must display

    Appropriate Legal Notices; however, if the Program has interactive

    interfaces that do not display Appropriate Legal Notices, your

    work need not make them do so.



  A compilation of a covered work with other separate and independent

works, which are not by their nature extensions of the covered work,

and which are not combined with it such as to form a larger program,

in or on a volume of a storage or distribution medium, is called an

"aggregate" if the compilation and its resulting copyright are not

used to limit the access or legal rights of the compilation's users

beyond what the individual works permit.  Inclusion of a covered work

in an aggregate does not cause this License to apply to the other

parts of the aggregate.



  6. Conveying Non-Source Forms.



  You may convey a covered work in object code form under the terms

of sections 4 and 5, provided that you also convey the

machine-readable Corresponding Source under the terms of this License,

in one of these ways:



    a) Convey the object code in, or embodied in, a physical product

    (including a physical distribution medium), accompanied by the

    Corresponding Source fixed on a durable physical medium

    customarily used for software interchange.



    b) Convey the object code in, or embodied in, a physical product

    (including a physical distribution medium), accompanied by a

    written offer, valid for at least three years and valid for as

    long as you offer spare parts or customer support for that product

    model, to give anyone who possesses the object code either (1) a

    copy of the Corresponding Source for all the software in the

    product that is covered by this License, on a durable physical

    medium customarily used for software interchange, for a price no

    more than your reasonable cost of physically performing this

    conveying of source, or (2) access to copy the

    Corresponding Source from a network server at no charge.



    c) Convey individual copies of the object code with a copy of the

    written offer to provide the Corresponding Source.  This

    alternative is allowed only occasionally and noncommercially, and

    only if you received the object code with such an offer, in accord

    with subsection 6b.



    d) Convey the object code by offering access from a designated

    place (gratis or for a charge), and offer equivalent access to the

    Corresponding Source in the same way through the same place at no

    further charge.  You need not require recipients to copy the

    Corresponding Source along with the object code.  If the place to

    copy the object code is a network server, the Corresponding Source

    may be on a different server (operated by you or a third party)

    that supports equivalent copying facilities, provided you maintain

    clear directions next to the object code saying where to find the

    Corresponding Source.  Regardless of what server hosts the

    Corresponding Source, you remain obligated to ensure that it is

    available for as long as needed to satisfy these requirements.



    e) Convey the object code using peer-to-peer transmission, provided

    you inform other peers where the object code and Corresponding

    Source of the work are being offered to the general public at no

    charge under subsection 6d.



  A separable portion of the object code, whose source code is excluded

from the Corresponding Source as a System Library, need not be

included in conveying the object code work.



  A "User Product" is either (1) a "consumer product", which means any

tangible personal property which is normally used for personal, family,

or household purposes, or (2) anything designed or sold for incorporation

into a dwelling.  In determining whether a product is a consumer product,

doubtful cases shall be resolved in favor of coverage.  For a particular

product received by a particular user, "normally used" refers to a

typical or common use of that class of product, regardless of the status

of the particular user or of the way in which the particular user

actually uses, or expects or is expected to use, the product.  A product

is a consumer product regardless of whether the product has substantial

commercial, industrial or non-consumer uses, unless such uses represent

the only significant mode of use of the product.



  "Installation Information" for a User Product means any methods,

procedures, authorization keys, or other information required to install

and execute modified versions of a covered work in that User Product from

a modified version of its Corresponding Source.  The information must

suffice to ensure that the continued functioning of the modified object

code is in no case prevented or interfered with solely because

modification has been made.



  If you convey an object code work under this section in, or with, or

specifically for use in, a User Product, and the conveying occurs as

part of a transaction in which the right of possession and use of the

User Product is transferred to the recipient in perpetuity or for a

fixed term (regardless of how the transaction is characterized), the

Corresponding Source conveyed under this section must be accompanied

by the Installation Information.  But this requirement does not apply

if neither you nor any third party retains the ability to install

modified object code on the User Product (for example, the work has

been installed in ROM).



  The requirement to provide Installation Information does not include a

requirement to continue to provide support service, warranty, or updates

for a work that has been modified or installed by the recipient, or for

the User Product in which it has been modified or installed.  Access to a

network may be denied when the modification itself materially and

adversely affects the operation of the network or violates the rules and

protocols for communication across the network.



  Corresponding Source conveyed, and Installation Information provided,

in accord with this section must be in a format that is publicly

documented (and with an implementation available to the public in

source code form), and must require no special password or key for

unpacking, reading or copying.



  7. Additional Terms.



  "Additional permissions" are terms that supplement the terms of this

License by making exceptions from one or more of its conditions.

Additional permissions that are applicable to the entire Program shall

be treated as though they were included in this License, to the extent

that they are valid under applicable law.  If additional permissions

apply only to part of the Program, that part may be used separately

under those permissions, but the entire Program remains governed by

this License without regard to the additional permissions.



  When you convey a copy of a covered work, you may at your option

remove any additional permissions from that copy, or from any part of

it.  (Additional permissions may be written to require their own

removal in certain cases when you modify the work.)  You may place

additional permissions on material, added by you to a covered work,

for which you have or can give appropriate copyright permission.



  Notwithstanding any other provision of this License, for material you

add to a covered work, you may (if authorized by the copyright holders of

that material) supplement the terms of this License with terms:



    a) Disclaiming warranty or limiting liability differently from the

    terms of sections 15 and 16 of this License; or



    b) Requiring preservation of specified reasonable legal notices or

    author attributions in that material or in the Appropriate Legal

    Notices displayed by works containing it; or



    c) Prohibiting misrepresentation of the origin of that material, or

    requiring that modified versions of such material be marked in

    reasonable ways as different from the original version; or



    d) Limiting the use for publicity purposes of names of licensors or

    authors of the material; or



    e) Declining to grant rights under trademark law for use of some

    trade names, trademarks, or service marks; or



    f) Requiring indemnification of licensors and authors of that

    material by anyone who conveys the material (or modified versions of

    it) with contractual assumptions of liability to the recipient, for

    any liability that these contractual assumptions directly impose on

    those licensors and authors.



  All other non-permissive additional terms are considered "further

restrictions" within the meaning of section 10.  If the Program as you

received it, or any part of it, contains a notice stating that it is

governed by this License along with a term that is a further

restriction, you may remove that term.  If a license document contains

a further restriction but permits relicensing or conveying under this

License, you may add to a covered work material governed by the terms

of that license document, provided that the further restriction does

not survive such relicensing or conveying.



  If you add terms to a covered work in accord with this section, you

must place, in the relevant source files, a statement of the

additional terms that apply to those files, or a notice indicating

where to find the applicable terms.



  Additional terms, permissive or non-permissive, may be stated in the

form of a separately written license, or stated as exceptions;

the above requirements apply either way.



  8. Termination.



  You may not propagate or modify a covered work except as expressly

provided under this License.  Any attempt otherwise to propagate or

modify it is void, and will automatically terminate your rights under

this License (including any patent licenses granted under the third

paragraph of section 11).



  However, if you cease all violation of this License, then your

license from a particular copyright holder is reinstated (a)

provisionally, unless and until the copyright holder explicitly and

finally terminates your license, and (b) permanently, if the copyright

holder fails to notify you of the violation by some reasonable means

prior to 60 days after the cessation.



  Moreover, your license from a particular copyright holder is

reinstated permanently if the copyright holder notifies you of the

violation by some reasonable means, this is the first time you have

received notice of violation of this License (for any work) from that

copyright holder, and you cure the violation prior to 30 days after

your receipt of the notice.



  Termination of your rights under this section does not terminate the

licenses of parties who have received copies or rights from you under

this License.  If your rights have been terminated and not permanently

reinstated, you do not qualify to receive new licenses for the same

material under section 10.



  9. Acceptance Not Required for Having Copies.



  You are not required to accept this License in order to receive or

run a copy of the Program.  Ancillary propagation of a covered work

occurring solely as a consequence of using peer-to-peer transmission

to receive a copy likewise does not require acceptance.  However,

nothing other than this License grants you permission to propagate or

modify any covered work.  These actions infringe copyright if you do

not accept this License.  Therefore, by modifying or propagating a

covered work, you indicate your acceptance of this License to do so.



  10. Automatic Licensing of Downstream Recipients.



  Each time you convey a covered work, the recipient automatically

receives a license from the original licensors, to run, modify and

propagate that work, subject to this License.  You are not responsible

for enforcing compliance by third parties with this License.



  An "entity transaction" is a transaction transferring control of an

organization, or substantially all assets of one, or subdividing an

organization, or merging organizations.  If propagation of a covered

work results from an entity transaction, each party to that

transaction who receives a copy of the work also receives whatever

licenses to the work the party's predecessor in interest had or could

give under the previous paragraph, plus a right to possession of the

Corresponding Source of the work from the predecessor in interest, if

the predecessor has it or can get it with reasonable efforts.



  You may not impose any further restrictions on the exercise of the

rights granted or affirmed under this License.  For example, you may

not impose a license fee, royalty, or other charge for exercise of

rights granted under this License, and you may not initiate litigation

(including a cross-claim or counterclaim in a lawsuit) alleging that

any patent claim is infringed by making, using, selling, offering for

sale, or importing the Program or any portion of it.



  11. Patents.



  A "contributor" is a copyright holder who authorizes use under this

License of the Program or a work on which the Program is based.  The

work thus licensed is called the contributor's "contributor version".



  A contributor's "essential patent claims" are all patent claims

owned or controlled by the contributor, whether already acquired or

hereafter acquired, that would be infringed by some manner, permitted

by this License, of making, using, or selling its contributor version,

but do not include claims that would be infringed only as a

consequence of further modification of the contributor version.  For

purposes of this definition, "control" includes the right to grant

patent sublicenses in a manner consistent with the requirements of

this License.



  Each contributor grants you a non-exclusive, worldwide, royalty-free

patent license under the contributor's essential patent claims, to

make, use, sell, offer for sale, import and otherwise run, modify and

propagate the contents of its contributor version.



  In the following three paragraphs, a "patent license" is any express

agreement or commitment, however denominated, not to enforce a patent

(such as an express permission to practice a patent or covenant not to

sue for patent infringement).  To "grant" such a patent license to a

party means to make such an agreement or commitment not to enforce a

patent against the party.



  If you convey a covered work, knowingly relying on a patent license,

and the Corresponding Source of the work is not available for anyone

to copy, free of charge and under the terms of this License, through a

publicly available network server or other readily accessible means,

then you must either (1) cause the Corresponding Source to be so

available, or (2) arrange to deprive yourself of the benefit of the

patent license for this particular work, or (3) arrange, in a manner

consistent with the requirements of this License, to extend the patent

license to downstream recipients.  "Knowingly relying" means you have

actual knowledge that, but for the patent license, your conveying the

covered work in a country, or your recipient's use of the covered work

in a country, would infringe one or more identifiable patents in that

country that you have reason to believe are valid.



  If, pursuant to or in connection with a single transaction or

arrangement, you convey, or propagate by procuring conveyance of, a

covered work, and grant a patent license to some of the parties

receiving the covered work authorizing them to use, propagate, modify

or convey a specific copy of the covered work, then the patent license

you grant is automatically extended to all recipients of the covered

work and works based on it.



  A patent license is "discriminatory" if it does not include within

the scope of its coverage, prohibits the exercise of, or is

conditioned on the non-exercise of one or more of the rights that are

specifically granted under this License.  You may not convey a covered

work if you are a party to an arrangement with a third party that is

in the business of distributing software, under which you make payment

to the third party based on the extent of your activity of conveying

the work, and under which the third party grants, to any of the

parties who would receive the covered work from you, a discriminatory

patent license (a) in connection with copies of the covered work

conveyed by you (or copies made from those copies), or (b) primarily

for and in connection with specific products or compilations that

contain the covered work, unless you entered into that arrangement,

or that patent license was granted, prior to 28 March 2007.



  Nothing in this License shall be construed as excluding or limiting

any implied license or other defenses to infringement that may

otherwise be available to you under applicable patent law.



  12. No Surrender of Others' Freedom.



  If conditions are imposed on you (whether by court order, agreement or

otherwise) that contradict the conditions of this License, they do not

excuse you from the conditions of this License.  If you cannot convey a

covered work so as to satisfy simultaneously your obligations under this

License and any other pertinent obligations, then as a consequence you may

not convey it at all.  For example, if you agree to terms that obligate you

to collect a royalty for further conveying from those to whom you convey

the Program, the only way you could satisfy both those terms and this

License would be to refrain entirely from conveying the Program.



  13. Use with the GNU Affero General Public License.



  Notwithstanding any other provision of this License, you have

permission to link or combine any covered work with a work licensed

under version 3 of the GNU Affero General Public License into a single

combined work, and to convey the resulting work.  The terms of this

License will continue to apply to the part which is the covered work,

but the special requirements of the GNU Affero General Public License,

section 13, concerning interaction through a network will apply to the

combination as such.



  14. Revised Versions of this License.



  The Free Software Foundation may publish revised and/or new versions of

the GNU General Public License from time to time.  Such new versions will

be similar in spirit to the present version, but may differ in detail to

address new problems or concerns.



  Each version is given a distinguishing version number.  If the

Program specifies that a certain numbered version of the GNU General

Public License "or any later version" applies to it, you have the

option of following the terms and conditions either of that numbered

version or of any later version published by the Free Software

Foundation.  If the Program does not specify a version number of the

GNU General Public License, you may choose any version ever published

by the Free Software Foundation.



  If the Program specifies that a proxy can decide which future

versions of the GNU General Public License can be used, that proxy's

public statement of acceptance of a version permanently authorizes you

to choose that version for the Program.



  Later license versions may give you additional or different

permissions.  However, no additional obligations are imposed on any

author or copyright holder as a result of your choosing to follow a

later version.



  15. Disclaimer of Warranty.



  THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY

APPLICABLE LAW.  EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT

HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY

OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE.  THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM

IS WITH YOU.  SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF

ALL NECESSARY SERVICING, REPAIR OR CORRECTION.



  16. Limitation of Liability.



  IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING

WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS

THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE

USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF

DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD

PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),

EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

SUCH DAMAGES.



  17. Interpretation of Sections 15 and 16.



  If the disclaimer of warranty and limitation of liability provided

above cannot be given local legal effect according to their terms,

reviewing courts shall apply local law that most closely approximates

an absolute waiver of all civil liability in connection with the

Program, unless a warranty or assumption of liability accompanies a

copy of the Program in return for a fee.



                     END OF TERMS AND CONDITIONS



            How to Apply These Terms to Your New Programs



  If you develop a new program, and you want it to be of the greatest

possible use to the public, the best way to achieve this is to make it

free software which everyone can redistribute and change under these terms.



  To do so, attach the following notices to the program.  It is safest

to attach them to the start of each source file to most effectively

state the exclusion of warranty; and each file should have at least

the "copyright" line and a pointer to where the full notice is found.



    <one line to give the program's name and a brief idea of what it does.>

    Copyright (C) <year>  <name of author>



    This program is free software: you can redistribute it and/or modify

    it under the terms of the GNU General Public License as published by

    the Free Software Foundation, either version 3 of the License, or

    (at your option) any later version.



    This program is distributed in the hope that it will be useful,

    but WITHOUT ANY WARRANTY; without even the implied warranty of

    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

    GNU General Public License for more details.



    You should have received a copy of the GNU General Public License

    along with this program.  If not, see <http://www.gnu.org/licenses/>.



Also add information on how to contact you by electronic and paper mail.



  If the program does terminal interaction, make it output a short

notice like this when it starts in an interactive mode:



    <program>  Copyright (C) <year>  <name of author>

    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.

    This is free software, and you are welcome to redistribute it

    under certain conditions; type `show c' for details.



The hypothetical commands `show w' and `show c' should show the appropriate

parts of the General Public License.  Of course, your program's commands

might be different; for a GUI interface, you would use an "about box".



  You should also get your employer (if you work as a programmer) or school,

if any, to sign a "copyright disclaimer" for the program, if necessary.

For more information on this, and how to apply and follow the GNU GPL, see

<http://www.gnu.org/licenses/>.



  The GNU General Public License does not permit incorporating your program

into proprietary programs.  If your program is a subroutine library, you

may consider it more useful to permit linking proprietary applications with

the library.  If this is what you want to do, use the GNU Lesser General

Public License instead of this License.  But first, please read

<http://www.gnu.org/philosophy/why-not-lgpl.html>.
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